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PREFACE 

A SERIFS of c\cellonfc books on electrocardiognphr w already 
in existence and the rcsponsibilitx m adding to the xoluminous 
literature on this subject is great Therefore the authors consented 
to undertake this xvork only after considerable hesitation 

A knon ledge of electrocanliograjiliy presupposes an acquaintance 
avith a large number of rules and laws The acquisition of these facts 
requires the expenditure of considerable time and cfTort but other 
wise 13 not difficult These general facts ha\e been adequately 
presented in most text books on electrocardiography Ow mg to the 
noxeltx of the subject and the ncctssitj for presenting the funda 
mental features of elcctrocaKliographj to readers unacquainted 
Math this field Mailers ha\e xery properly limited themselves to 
essentials Consequently an unwarranted notion of the extreme 
simplicity of electrocardiography lias developed among those Mhos© 
contact Mith tracings is infrequent For this reason it seems timely 
to present not only tho usual rules but also to emphasize some of 
the difficulties encountered m endeavours to apply tliem Since 
these factors are introduced tins book is not designed primarily for 
those beginning their study of tins field Moreover n departure has 
been made from similar viorks by the introduction of considerable 
cbmeal and therapeutic matcnal It is liojied that this device will 
create a closer alUanco between the electrocardiography and tho 
dime M hile the limitations of the electrocardiogram find emphasis 
this alliance may extend the usefulness of this method In several 
fields of electrocardiography the widespread acceptance of some 
theories has unintentionally led to the notion that these useful 
working hy^iotheses have iKjen established os true At times we 
iiave ventureef to present incompfete/y suAecf uspeeiy oi^ fiWsu 
situations witli the hope of stimulating further investigation 

Fortunately the cost of the apparatus is no longer prohibitive 
and the registration of tho electrocardiogram has become greatly 
simplified Tins is reflected in the rapid increase m the number of 
phymicians who employ the electrocardiograpli This situation is 
not entirely devoid of danger Considerable practice and patience 
IS necessary before one can recognize the alterations at tunes very 
slight in the de‘*ign of the eloctrocarcbogram as something defimtely 
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pathological and can distingmsh them from the normal picture with 
its innumerable \ariation3 Time and patience are not at the 
disposal of everyone Not rarely the interpretation is reported 
■mthout the necessary knowledge , often the mdn idual findings are 
regarded dogmaticallj and the heart is stated to bo healtlij or affected 
■with great positiieness Tlie difficulties or uncertamties a<5sociated 
vnth electrocardiograpliic interpretations often are not adequately 
stressed If the physician who receii es such reports is uincquamted 
anth these limitations, he may be induced to institute or fail to 
institute measures which may vitally affect the fate of the patient 

This circumstance alone constitutes on important reason for 
physicians ■who are not particularly concerned with electrocanlio 
graphy to know its basic rules, so that thej may evaluate the 
findings reported to them In this connection it should not be for- 
gotten that despite the study of countless tracings by innumerable 
observers, many phases of electrocardiography are still m the 
formative phase The ovact criteria m borderline cases, for example, 
the height and width of individual naves, remain unsohed and 
important problems 

For a long time students of electrocardiography vere almost 
exclusively occupied with the arrhythmias w hich u ere, for the most 
part knonm prior to the mtroduction of electrocanhography In 
recent years so many new and valuable advances have occurred m 
the electrocardiographic study of myocardial diseases that the 
electrocardiograph lias become indispensable in the examination of 
these common problems The present knowledge of the alarming 
mcidence of myocarditis, the early diagnosis of the coronary arterv 
disease, the possibiUty of recognizing atypical cases of coronarj' 
thrombosis u ould have been impossible mthout electrocardiography 
Physiology and anatomy as -well as the dime had been enriched by 
numerous advances of fundamental importance 

Although the electrocanhography is frequently and uidely 
employed, it deserves more extensive use It alont may’ permit the 
physician to recognue the participation of the iieart m diabetes, 
diphtheria, tonsillitis and m many other conditions The electro 
cardiogram alone may reveal the existence of coronary artery' disease 
in patients who complain simply of abdominal fullness and flatulence 
in the absence of “ cardiac ” sy’mptoms The discovery of electro- 
cardiograpluc changes after exercise, indicative of profound dis 
turhance of myocardial blood supply , and necessitating the diagnosis 
of extreme coronary stenosis m patients with vague substemal 
distress and chmeal signs of a "immmal aortitis” is, we beheve. 
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another important atUanco suggestive of the great pos«!ibihties of 
electrocarchographj 

Electrocaitliography is atiU a young science It ^^as tltscovered 
and developed within the memory of many now li\mg Every jear 
witnesse an alnindanco of now discoveries Nerertijeless many 
fundamental problems are still unsolved others which seemed 
satisfactorily clarified m tl e recent past have become dubious in 
the light of now investigations wlucli have revealed unsuspected 
complexitj and the necessity for further studi An excellent 
example of this situation is provided by bundle branch blocl w Inch 
seemed to be a closed and minor i^sue The excellent work recently 
l>erformed m this field has opened very intriguing vistas Thus 
situation conspires to make comprehensu o presentation obsolete at 
an earlj age It also I ampers authors since contrasting opinions on 
important and unsettled problems render their task difficult and 
tend to confuse the reader 

For this reason it has seemed best to omit some important and 
interesting questions such os tho problem of oscitation the con 
noction between contraction and tho electrocardiogram On tbo 
other hand some stimulation inaj bo derived from verj brief 
discussions of tho development of cxtrasystoles of fibrillation and 
of conduction disturbances TJioso who wash to delve more deeply 
into the«e problems will find suggestive bibliographies appended to 
V anous sections of the text These references do not pretend to be 
eximiistue m general publications reflecting the present status of 
our knowledge and containing additional bibliographies have been 
given preference 

Fmphasis should bo placed upon one important rule of electro 
cardiography w hicli is frequently violated namely great care should 
be exercised in drawing conclusions from the electrocardiogram 
alone w ithout know ledge of the patient Not e\ ery inverted T wave 
in Lead I has the same meaning ’ Tins finding cannot be evaluated 
until the interpreter knows whether or not tho patient has received 
tfigitahs whether hypertension js present or absent etc 

It 18 also improper to make analoimcal diagnoses from tho 
electrocardiogram Under ordinary circumstances the electro 
cardiogram assists in estabbsliing the presence of foci in some area 
of the myocardium it does not mfonn the observer concernuig the 
nature of the'^e ftci There ure no typical coronary waves no 
elcctrocaKliograms tyqncal of coronary tlwombosis of hyqier 
trophy of coronary insufficiency of anoxia etc 

Tho recent discovery that the T waves may became altered by 
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pathological and can distuigwiah them from the normal picture mth 
its innumerable variations Time and patience are not at the 
dispo'ial of everjone Jvot larelj the interpretation is reported 
without the necessary knowledge often the individual findings are 
regarded dogmaticallj and the heart is stated to be healthy or affectwl 
with great positiveness Ihe diiBculties or uncertainties T=sociated 
with electrocardiographic mterpretations often are not adequately 
stressed If the physician w ho receives such reports is unacquaint«l 
with the^e hmitations he may be induced to institute or fail to 
institute measures which may ntallj affect the fate of the patient 

This circumstance alone constitutes an important reason for 
physicians who are not particularly concerned with electrocardio 
graph> to know its basic rules so that they may evaluate the 
findings rex>orted to them In this connection it should not be for 
gotten that despite the study of countless traemgs by innumerable 
ob'^eners manj phases of electrocardiographj are still m the 
formatn e phase The e-^act entena in borderline case? for example 
the height and mdth of mdividuat waves remain unsolved and 
important problems 

For a long time students of electrocardiographj were almost 
exclusneli occupied with the arrhythmias winch were for the most 
part known prior to the introduction of electrocardiography In 
recent ^ears so many new and valuable advances have occurred in 
the electrocardiographic study of myocardial diseases that the 
electrocardiograph has become indispensable in the exammation of 
these common problems The present knowledge of the alarming 
meidence of myocarditis the early diagnosis of the coronary artery 
disease the possibihty of recognizmg atypical cases of coronary 
thrombosis w ould have been impossible without electrocanliographj 
PJiysiology and anatomy as well as the clinic had been enriched bv 
numerous advances of fundamental importance 

Although the electrocardiography is frequently and wadeh 
emploaed it deserves more extensive use It o/oms may permit the 
physician to recognize the participation of the heart m diabetes 
diphtheria tonsihitis and in many oftier conditions Tne electro 
cardiogram alone may te\ eal the existence of coronary artery disease 
in patients who complain simply of abdominal fullness and flatulence 
m the absence of cardiac symptoms The discoi erj of electro 
catdiograpluc changes after exercise indicatixe of profound dia 
turbanee of my ocardial blood supply and necessitating the diagnosis 
of extreme coronary stenosis m patients with vague substemal 
distress and clinical signs of a minimal aortitis is we behevo 



PJftEFAGE vii 

another important achance 8U^esti\o of tho great possibilities of 
electrocardiography 

Electrocardiography is still a young science It nas discovered 
ami developed within tho memorv of many now living Every year 
witne'i^cs an abundance of new discovenes Ivevertheless many 
fundamental problems are still unsolved others which seemed 
satisfactOTilv clarified in the recent past have become dubious in 
the hgiit of new investigations which have revealed unsuspected 
complevitv and the necessity for further studv An evcellent 
example of this situation is provided by bundle branch block winch 
seemed to be a closed and minor i«aue Tho excellent work recently 
performed in this field has opened very intriguing vistas This 
situation conspires to make comprehensive presentation obsolete at 
an early age It also Jiamiiers authors since contrasting opinions on 
important and unsottleil problems render their tnsl difficult and 
tend to confuse the reader 

For this reason it has seemwl best to omit some important and 
interesting questions such ns tho problem of excitation the con 
noction between contraction nnd tho electrocardiogram On the 
other hand some stimulation may be derived from very brief 
discussions of the development of extrasystoles of fibrillation and 
of conduction disturbances Hioso who Mvh to dolvo more deeply 
into these problems will find suggestive bibliographies appended to 
various sections of the text These references do not pretend to be 
exhaustive in general publications reflecting the present status of 
our knowledge and contaimng additional bibliographies have been 
giv en preference 

Emphasis should be placeil upon one important rule of electro 
cardiography which is frequently violated namely great care should 
bo exercised in drawing conclusions from the electrocardiogram 
alone without knowledge of the patient Not every inverted T wave 
m Lead I has the same meaning f Tins finding cannot be evaluated 
until the interpreter laiovvs whether or not the patient has reeeiv ed 
digitalis vihetficr hyqiertension is present or absent etc 

It IS also improper to mal c anafomtral diagnoses from the 
electrocardiogram Under ordinary circumstances the electro 
cardiogram assists in establishing the presence of foci in some area 
of the nivocardiiim it does not inform tlie observer concerning tlie 
nature of these foci There are no tynical coronary waves no 
electrocardiograms typical of coronary tlirombosis of hyper 
trophv of coronary insufficiency of anoxia etc 

The recent discovery that tlie T waves may become altered by 
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diseases of other organs (for example, of the lungs, gall-bladder), 
since rago-vagal reflexes influence the blood supply of the heart, 
and the fact that several minutes ofqmet standing by some untrained 
individuals can lead to a disturbance of cardiac blood suppl) and to 
abnormal electrocardiograms, opens new possibilities It is po'^siblo 
that, at times, the severe electrocaKbographic alterations or the 
heart failure in pneumonia, the rapid death after aspiration of foreign 
bodies irdl be traced to the participation of similar reflexes 

The problem of nomenclature also presents considerable diffi- 
culties, since entirelj different names are emplojed in many places. 
An international agreement is urgent! 3 ' necessarj 

The authors gratefully acknowledge the courtesy extended to 
them by Jiihus Sprmger for permission to reproduce Figs 7, 104-6, 
from former pubhcations 

DA\TD SCHERF. 
UXN J. BOYD 

Sip(ttnh<r, 1910 



CONTENTS 


riQc 


CENTRAL REMARKS ON THE ELECTROCARDIOGRAM 

The Electrocram and rnE rLEcrnocARDiorRAji 1 

The ELFcTROCARDiooRArn 3 

pRtNClrLE or THE Aptakatds 3 

STANDARDIZ.VTIOh OF THF APPARATUS 4 

RrST ClTRREST, POEAIU2UTIOS > 

Ti3je Recoh&i>o 6 

Tnp Lf^ds of the EEFcmocARDioaRAM 6 

The Deatilopment of the Waafs op the Normae Electro 

CARDIOCRAM 7 

Vaeutions in thf Form of the Normal Electrocardioc ram 20 

Deformation of the Flfcthocapdjoqbam dub to Unsuitable 
Rfcordtno . 24 

Eintiioaen’s Triangle 20 

The AIfthod op Analysis or the Flectrocabdiooram 29 

liESWRATOBl ARRHiTTUrU 30 

Biblioorapht 32 


THE ALTERATIONS OF THE FORM OF THE 
VENTRICULAR COilPLLV AND THEIR SIGNIFICANCE 


Thf Ffffct or Cardiac Position on the ELECTRocABDiooRAii 37 
Electrocardiooraphic CnA>GEs DUE to Respiration 37 

The Electrocardioobaji ln Dextrocardia 3S 

The ELECTROCABmoaiupHic Alterations ts the Latepal 

Posmov AND IN SIbdiastino pericabditts 39 

Small DEFLFCriONb in the JvJ,ECTROCAKDIOC!RiiI 41 

Smaia. Encursions in One Lfad 42 

Small Encursions in All Leads 43 

(n) Pericardial Effusion 43 

(A) Mvxcedema . 44 

(f) DrCOMPENSATED Cardiao Patients 40 

(rf) Myocardul Diseases 47 

u 



CONTUMS 


lUI ELECTROCARDIOORAil OF BtTNDLF JIRANCH BlOCX 47 

Classicai:. Dfscrxptiov 4S 

Net* Nomenclaturt 34 

A Special lowi of Block or tiie Right Bundle biunck ^8 

SlONIFICANCE OF BdNDLB BRANCH BlOCK CI 

Partial Bundle branch Block 02 

Right OR Left Axis OrmnoN (Dextro and Letocardioorab) 04 
The SlONIFICANCE of HyrERTBOPire op the Right or Left 

^ entricle 04 

SlGNinCANCE OF THE POSITION OF THE HeART CO 

Significance of Intraventricular Siread or Fxcitation 70 
Nev\ Rosienclatlre 71 

Further Changes in the Electrocvpdiooram in ^Iarked 

HYPERTROPm AND DiLaTATION OF Qne \ ENTRICLE 72 

The Deep Qwave in Lead HI 79 

^VlDENINO AND SpLINTFRINO OF THE INITIAL DeILECTION (DiS 

TURBANCES or Iktraventiucoear Conduction) 84 

Abnormal Llectrocardiocrams with Small Excursions 88 

Arborization Block Flectrocardioorama 80 

riiE Abnormal S T Interval and the Abnorsul Tmavf 02 

General Remarks 02 

The DiFrEBEST Pipes of Abnorsul S T Intervals and 

Abnormal T waves Oj 

The Abnormal Terminal Deflection in Different Lesions 

OF THE MIOCARDILM 97 

Alterations of the Terminal Dfulectios from Dh itaus 101 
Cilanoes in the Electrocabdiooram produced hi the 

Upright Position {Standing and Sitting) 10 > 

Tub Length of the Q T Seovient and the Duration of 

Electpical Systole 198 

Thf }■ lectroc vrdioobam i> Abnormal fcNCnON or the Endo 

crine Glands and in thk Avitaminoses 111 

TiryRoiD HI 

Adrenals H2 

Pakathvroids ^ H 

Pancreas H3 

Ovaries H4 

Avitaminoses HO 

BlBLlOGRAPm HC 

The rLtcTRocARDiocBA3i IN Cohonary Thrombosis 121 

The Flxctrocardiooba-m in Acutt Pericarditis 130 



CONTENTS 


XI 


not 

The f LECTROCARDioGRAii ET Carduo INJURY jiND Tiuinn 133 

The Llectrocardiogram I^ Pouwonary Esidolisji 1J4 

LLEOTROCARDIOQRAPmc ALTERATIONS IN TaCIIYCARDU 138 

The Diagnosis of Coronary Stenosis from TitB rurcTRocARDio 

CRAM RECORDED ATTER ExFRCISr 140 

C/iEbT Leads IoO 

BlBLIOQRArnY IGO 

DISTURBAhCFS 01 STIMULUS lORAUriON AND 
CONDUCTION 

Lxtrasystoles 10) 

iMTlODUOnON Jb t 

'Nentricuiab Extrasystoles 167 

Auricular Extrasystolfs 18 J 

‘^IoDE or Origin of Tatrasy stoles 

ClDTIOAL ASPEOTS and TrEVTMENT 01 1 VTIUSiSTOLIS 10) 

BisLiooRArni 

ZlBRILLATTOE AND ftOTTER 200 

Introduction 200 

Tub FLECTBOCARDiooRAit IN Auricular li utter 207 

The Electrocardiogram in Avriculap Fibrillation 211 

^ ENTRICULAR FLUTTER AND VENTRICULAR FIBRILLATION 215 

Clinioal Aspects of Auricular Fibrillation 217 

Clinic iL Remarks on Auricular Pluttpr 228 

Clinical IIfmarks on Ventricular I'lutter and Fibrili-v 

TioN 232 

Origin of Flutter and 1 ibboxation 233 

BlBLIOGUAPItY 239 

Inr Taciiyoardias 242 

Sinus TxciTroARDiA 242 

Classification of Paroxysmal Tachycardias 244 

Paroxysmal Iluttfr and Iidrillation 24') 

Paroxysmal Auricular and Ventrioi lar Tachycardia 240 

The Elfctbocardiooram of Paroxysmal Ventricular 

TACnVCARDIA 246 

The Electeocardioora>i of Paroxysyial Auricular 

Tachycardia 2o0 

Tkeatment of Sinus Tachycardia 257 

Trlatyient or Paroxysyial Flutter and Fibrillation 2o8 

Clinical Aspects of Paroxysmal Auricular and Ven 

TRicuLAR Tachycardia 25S 

Extbasystoles in Paroxysms 202 



CONTENTS 


The Electbocardiograsi of Bunt)i:.e bbavch Block 47 

Classical Descbution 4S 

JSOMENCLATCTRE ^4 

A Special Form of Block of the Right Bitndle BRA^CH OS 
SiaNrFici>cE OF Bundle branch Block 61 

pAETiAL Bundle branch Block 02 

Richt or Left Axis Deviation (Dekteo and Le\ocabdiocba3I) 64 
The Significance of Htpertbophy of the Right or Lett 

^ en tricle 04 

SiONiFiCANCE or the Position op the Heart 60 

Significance of Intraventricular Spread of Excitation 70 
Ne\% ^nomenclature 71 

luRTHER Changes in the Electrocardiogram in ^Larked 

Hypertrophy and Dilatation op One Ventricle 72 

The Deep Q ttan-e in Lead IH 79 

WlDENr^O AND SpUNTEBINO OF THF InITUL DEFLECTION (DiS 

rUBBANCES OF LvTRAA ENTRICULAR CONDCCTION) 84 

Abnormal Electrocardioobams httij Small Excuesions 88 

Arborization Block, Electrocabdiocrams 80 

Tee Abnormal S-T Internal and the Abnornlal T ma\e 92 

General Reacabks 62 

Tnr Different Types of Abnormal S-T Internals and 

Asnorslal T waves O'J 

The Abnornial TERsirsAL Deflection in Different Lesions 

OF THE MiOCABDIUNI 97 

Alterations of the Terminal Deflection from Dichtalis 101 
Changes in the Electrocardiogram produced b\ the 

Upright Position (Standing and Sitting) 10> 

The Length of the Q-T Seqmext and the Duration of 

Electrical Systole I6S 

The Electrocardioobam in Abnormal Function of the Endo 

crine Glands and in the Aittaminoses 111 

Thyroid 
Adrenals 

PAPaniYROIDS 

Pancreas 

Ovaries 

Aattajhnoses 

BlBLIOCRAPm. 

The Electrocapdiocram in Coronapy Thro’mbonis 12J 

The Electpocardiograu in Acute Pericarditis 130 



CLINICAL ELECTROCARDIOGRAPliy 

GENERAL REMARKS ON THE 
ELECTROCARDIOGRAM 

THE ELECTROGRAM AND THE ELECTROCARDIOGRAM 

If a Rtiip of muscle is atinuilated at its ciul A means of a ^boi J 
from an induction apparatus, the muscle is “ excited or activated 
at this point (Fig la) The excitation is tlien ripitlJ) transmitted 
over the entire /itnp touards B 

Electrical forces are awakened b> the excitation of Jivuig tisbue 
According to the classical thoorj of phvsjologj even excited 
portion of the muscle Iiecomcs electronegative in lehtmn to its 
unexcited part just as m a battery the zinc electiodo heooincs 
electronegative to copper If the two ends of a conducting w iit are 
applied to the ends A and B of n inusclo strip (Fig la) at tin. 



Fi« la c Diagram ol llio spn*a«l of ©xcilnUon In a strip of heart 
iniixcl© 

moment A ls excited a current flows in the mre fiom B to A fmm tlie 
site of higher to lower potential Tfagihanometer is included m the 
circuit it will register a definite deflection in a definite direction 
^Mlen this deflection is registered graphically, a wave is obtained 
which IS directed upward (positive) provnding the connections to tiie 
galvanometer have been made with the correct polarity (Fig 2) 

If the excitation has affected the entire strip between A and B 
thej are equally excited At this time the same potentials exist 
at both ends (Fig lb), no current flows through the galvanometer, 
the apparatus records no deviation, and a zero (0 ) or isoelectric 
line IS recorded 

Recoverj from the excitation begins verj soon Naturally the 
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travels over the heart at the same time as the excitation Thus, it was 
found that in excited tisaue^ potentials also appear which are jiositue in 
comparison -nith unexcited tissues (Lewis, Craib) Becaase of these 
results It was assumed that the excitation causes the development of a 
“ double potential ” in tihich the positnc and negative poles lay close to 
each other (at the junction of the excited and unexcited tissue or even 
in the same nuiscle element) However, objections have also been raised 
against this interpretation awl at all events the finer mechanism is still 
obscure 


THE ELECTROCARDIOGRAPH 
Principle of the Apparatus 

If the thorax and pericardium of a dog are opened and the 
nerve of a nerv e muscle preparation is applied to tlie surface of the 
exposed heart, the muscle innervated bj tlio nerve contracts with 
the same rate and rhj thin as the heart (K6lhcker and Muller, 185b) 
In this simple and excellent vvn3 it vvas proven that bioelectnc 
currents are produced by cardiac action 

The following observation is another example of the smio fact 
during an animal experiment, contractions of the left half of the 
diaphragm are often noted which have exactly the same rhythm as 
the heart They vanish when the left phrenic nerve is bfted or cut 
below the pomt at which it touches the heart This observation 
also proves the development of electneal potentials by cardiac action 
Waller studied and also measured those potentials which reach 
the surface of the body Owing to its inertia the apparatus 
(capillary electrometer) employed by him was inadequate, and 
accurate records were only obtained when Einthoven invented the 
string galvanometer 

The principle of the apparatus js simple and generally known 
if a magnetic needle is suspended m the vicmity of a circuit through 
winch n current is flowing, the neetUe is deflected, the amplitude 
and direction depending on the direction and strength of the current 
IFa powerful fixed magnet is employed and a Bne movaVle conductor 
Ls brought into its field, the conductor will be deflected when a 
current flow's through it The second pnnciple is employed m the 
string galvanometer A thin metal thread or a quartz fibre coated 
with metal (the string) is suspended between the two poles of a 
powerful electromagnet. “Tlie action current of the heart” Jed 
from the person under examination is conducted through this 
string, whereupon its movements correspond to the direction and 
strength of the current Thrae movements are magnified many 
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excitation fades anaj earlier m the muscle end A uhich was 
stimulated first for this reason B now becomes more n^ative 
than A a current flows through the apparatus in the opposite 
duoction (Fjg le) and a doumnard directed (inverted or negative) 
wave mil be recorded (Fjg 2) 

Accordingly a tbpliasie tracing can be obtained from n muscle 
stnp of suitable length and breadth tilth properly arranged leads 
in It one wave is directed upward and the other downward and the 
two waves are separated from each other by a short isoelectric line 
Such a tracing obtained by dtrecl leads from an excited muscle is 
called an electrogram or Eg 

Knowledge of this simple electrogram of a muscle strip facilitates 
the understanding of the more complicated currents of cardiac action 
obtained in man The first major difference consists in the fact 
that the human heart is composed of a very large mmiber of muscle 
bundles varving in size running m most diverse directions and 
interweanng with one another in mamfoll 
ways A second and very important differ 
ence lies m the type of derivation In 
Fio o Electrogram cbntcal examinations the electrodes cannot 
fron 8 Btr p of heart b<. (vnpbed directly to the heart m order to 
record the tracing 

During the spread of the excitation wave over the human heart 
considerable differences in potential appear For the most part 
they are neutralized by the blood inside the heart and bv the 
surrounding tissues Only a fraction of the potentials reaches the 
surface of the body where they can be intercepted and measuied 
This ty pe of lead IS indirect and m contrast to the electrogram the 
tracing is called an electrocardtogram 

V> hile the amplitude of the deflection in the electrogram depends 
somewhat upon the vndth and thickness of the muscle strip and 
is proportional to it tins relntionslup is absent in the electro 
cardiogram In the latter only that fraction of the potentials 
formed by the heart which can reach the body surface are reconled 
In \\«! the pcaAvaw wf live Ive'irt w, to 

the sites of derivation and the status of the tissues surrounding the 
heart exert a very marked influence on the potentials whicli reach 
the surface of the body These mfluences have been studied in 
detail by numerous model experiments (Lewis Cratb Scliollong 
and others) 

On the basis of experiments on simple muscle strips in recent years 
doubt has been expressed m regard to the theory that a wave of negativity 
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Rest Current, Polarization 

Ow ing to the nctiN ilj of the skin glands and through alterations 
in the innervation of the cutaneous vessels disturbing differences in 
the potential appear between the electrodes and give rise to the 
development of rest currents Without the use of compensating 
counter measures these constantly displace the string from its 
zero position and maj make the registration of an electrocar<bogram 
impossible 

Two metliods arc used to counteract the disturbance caused bv 
rest currents In some apparatus a contlf^cr is connected with the 
galvanometer the former absorbing the very sluggish and slowlv 
V arying rest cuirenta Tins method has the advantage of facilitating 
rapid v\ork but possesses the iksadvantage that it maj consulcrablv 
deform the tracings riie sluggish w-aves (T waves) are most 
affected (see p 24) For this reason a second method is commonlj 
employ the rest current is compensated bj means of a 
device capable of sending a counter tiiirent of equal strength 
through the gahanometcr This method may necessitate tJie 
cmplojmcnt of a switch during the registration of the electro 
cirdiogTom but Jias the adv antago of securing iindeformed records 
^^^th the ampltf^nng typo of apparatus compensators are 
imneccssaiy 

Unsuitable electrodes ma> bj polarization give rise to serious 
distortion and by clmnging the shape of the initial and terminal 
denoctions suggest a pathological electrocardiogram m an healthy 
individual For this reason with the string galvanometer one must 
strictly follow the directions accompanying the apparatus in regartl 
to the type of the electrodes and the manner m which the> are 
applied Electrodes made of German silver and of definite size (not 
less than 15 sq era ) aro most suitable The skin should be 
thoroughlj rubbed with alcohol cloths which have been immersed 
in a warm saturated solution of sodium chloride are placed lietween 
the electrode and the skin Recently an electrode jell> has been 
mfrocfuceir ibr ffic same purpose ana' has proven fo 6e very 
useful 


Time Recording 

In order to measure the single events registered in the electro 
cardiogram or to determine the cardiac rate a time reixird is 
photographed on the film simiiltaneouslj with the elcctrocardio 
gram Tins also is necessarj because the film m the camera mav 
not alwajs move at the same speed Differmg types of apparatus 
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times bj a microscope and are projected into a camera ishere 
they are photographed on a film or strip of paper A small sht 
•nith a lens in the camera aperture makes it possible to project 
the movement of a small section of the string on the sensitive 
paper 

Formally the apparatus was quite cumbersome and difiiciilt to 
transport since the magnet required considerable spate and had to 
be mamtained bj heavj storage battenes This «as necessary in 
order to obtam the requisite sensitivity In recording the electro 
cardiogram potentials are involved a hich rarely exceed 2 imllivolts 
More recently the amphfying tube principle employed in the ratho 
mdustrj has also been appUed to electrocardiography and electro 
cardiographs capable of amplifying about 3 000 times the feeble 
cardiac currents reaclnng the surface of the body have been 
constructed They weigh but httle and can be transported eas\l> 
(see p 25) 

Tlie description of the individual types of apparatus can be 
omitted there are several useful forms and an> phjsician can 
obtain all the details by securing a prospectus from the manu 
facturers The principle is always the same and the operation is 
eas 3 Portable electrocardiographs of both t>*pes (stnng and 
amplifying) are now available 

Standardization of the Apparatus 

Before the registration of an electrocanhogtam the apjiaratvis 
must be standardized so that comjiarablc tracings are obtained 
If string galv anometers are used the patient should be included in 
the circuit dormg standarduafion Tlie resistance of the patients 
circuit maj varj due to changes m the moisture content of tlie skm 
and of the apphed electrodes and this may require adjustment of 
the tension of the string 

A knowTi potential from a standard source is emploved m 
standardizmg the galvanometer This calibration is usually jierformed 
bj recording the electrocardiogram in such a manner thatadiffcience 
m potential of 1 milhvolt produces a deflection of 1 cm on the 
film ( normal sensitivity ) For certain purposes greater sensitm 
ties can be employed bv decreasing the stnng tension in the string 
galvanometer or by greater amplification in the amphfjTng electro 
cardiograph Standardization is especially important in string 
galvanometers because marked slacKenmg of the string seriously 
deforms the tracing 
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cirdiogram distinct deflections can be registered rollowing 
the counsel orEtntho\en it is as a nilo sufficient to lead from three 
regions of tlie body surface to obtain a complete senes of electro 
cardiograms These points aro the nght arm, the left arm and the 
left leg 

The electrocardiogram from the right to the left arm is called 
Lead I, or the transverse lead that from the right arm to the left 
leg vhich IS approximately parallel to the cardiac axis is called 
Lead II or the axial (oblique) lead and that from the left arm to the 
left leg 13 designated as Tjcad III or tho longitudinal lend The 
electrodes arc connected with tho apparatus so that tho chief waves 
in tlio leads enumerated are nomiaJly directed upward (positive) 
The extrcimtj winch lies nearest to the base of the heart is called 
basal that nearest to the apex apical Leads aro taken from tho 
basal to the apical extremitj that is from the right arm to the left 
arm (I) nght arm to left leg (II) and from the left arm to the left 
leg iUl) 

In order to a%oid confusion and to ensure that each electrode js 
properly placed tlic} are usually distinguished bj colours or marie 
mgs To avoid tiie disturbing influence of polarization they must 
be of special construction and properly applied In addition to the 
three standard leads which encircle the lieart onI> m the frontal 
plane additional leads are emplojed for definite purposes and wall 
bo considered later (sec p 150) 

THE DEVELOPMENT OF THE WAVES OF THE NORMAL 
ELECTROCARDIOGRAM 

(Remarks on the Anatomy and Physiology of the Specific Tissue) 

It IS now proposed to desenbo the phenomena appearmg in the 
electrocardiogram w ith the normal spread of excitation In describ 
iiig the anatomy of the specific tissue only those features are 
considered the knowledge of which » indispensable for the under 
standing of electrocardit^aphj 

A distinction is made between two types of muscle fibres in 
the heart (1) the common (expulsion) muscle of the heart , (2) the 
specific or neuromuscular tissue 

The specific fibres differ from the common or working muscle 
by virtue of a special property they possess tlie capacity to form 
stimuli in themselves alone and without external influence This 
18 called auttmatism ^\Tien placed under suitable conditions o% ery 
specific fibre possesses tins capacity (see p 166) 
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may eraploj a different time recoitlmg 33 stem so that the time 
intervals recorded m a particular case must ahvaj-s be stated 
Tlie methods emplo3 ed are to record the v ibrations of a tuning fork 
the regular movement of a pendulum or the regular rotation of a 
spoked wheel controlled b} a tuning fork , m the latter the spokes 
of the -nheel are arranged at defuute equal intervals so that the 
passage of the spokes before the lens casts Bhado^TS which appear 
as thin lines (ordmates) in the tracmg The time ba'^e most andel3 
employed is arranged so that the distances between t«o ordmates 
or betu een o tuning fork notches measure 0 04 second But 
there are also time markers so constructed that the distances betu’cen 
the tuo ordmates amount to 0 02 or 0 05 second, etc , thus whenever 
a tracing recorded upon an unknown apparatus is to be interpreted, 
the time ba'^e of the record must be ascertained 

If the rate of a heart tilth regular rh3’thra is to be determmed 
from an clectTocaithogratn the distance is measured between two 
tentricular beats or the duration of one cardiac cjcle ” and is 
determined in liundredths of a second To obtain the number of 
beats jier minute the duration of one c3clc m hunctredtlis of a second 
18 divided into G 000 t < 1 minute expressed m hundredths of 

] second If the lieart is irregular a number of cjcles are measured 
and the aterage duration of a C3cle is determmed , 6 000 is then 
divided b} the average taluc 

With some time markers which are wadel5 emplojed, the 
fifth spoke of the rotating wheel is thicker so that eveo fifth 
vertical line or ordinate is broader (Fig 35} The distance between 
two broad white lines !<» therefore 5 X 0 04 second, that is, 0 20 
second A simple method is commonl3 employed to determine 
rapidly the cardiac rate m these tracings , the number of canbac 
C3cles between thirt3 thick vertical knes (6 seconds) is counted and 
this number is multiphed by 10 If 9J C3cles occur during this 
interval the cardiac rate is about 95 per mmute For more exact 
measurement the method first mentioned is advocated 

The Leads of the Electrocardiogram 

Even the first ini estigators who led the current from the human 
bod3 to a gahanometer found that deflections equal m size and 
shape w ere not obtamed from all parts of the body If connections 
are made at tw o places located near to one another or w hich he m a 
position 83TnmetricaI in a definite way to the cardiac axis, no 
deflections are obtamed because the two areas are at the same 
potential There arc innumerable places from which an electro 
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itself, rather the excitation spreads in all directions There are 
preferred connecting paths (Hiraply because they are the shortest) 
to the left auncle, e g , the mterauricular bundle (Bachraann), or 
belou to the atrioventricular system One of them passes over the 
Torus Loucri (Fig 3) But in addition to this, numerous other 
pathvajs arc present 

Apart from the sinus node and its junctional fibres no specific 
tissue has been demonstrated in the auncle Collections of specific 
fibres are periodic<vH} described but it happens that groups of cells 
are found in «oaera! platesjn the auricle uhich histologically resemble 



Flo 3 Tlio btiso of a dogs heart made translucent by xjlol vjewe<l 
from the right (after Hothberper and Rcherf) The aito of the Torm 
Loucri 18 indicated by a dark lino The Toru'? is connecteil with 
lower en i of the smua node A »e»»el embrnrea tho sinus node in thw 


instAncc 


the cells of the sinus node Netcrlhelebs experimental methcine 
has never been able to prove the existence of specific tissue in the 
K^nnc}& r?/ .’aj.vjficii.wis jjjjd ihe 

auricular part of the aunciilo ventncular (A~V) node which is 
described below 

As long as the excitation foimed in the head of the sinus node 
remains in the node itself, no deflection from the isoelectric line 
occurs in the electrocardiogram The sinus node itself actuall 3 r 
represents a very considerable collection of cells Nevertheless it 
IS not sufficiently large to produce potentials which can be led from 
the surface of the body If m animal exiienments punctate 
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There are tuo collection? of specific fibres jn the heart The 
first IS the sino auricular node which m lower animals connects 
the sinus mth the auricle and m higher ti’pes has become 
incorporated into the auncle The second is the atnoventncular 
sj-stem (see p 10) 

The stno-atiricvlar system consists of the smus node (node of 
Keith Flack 1907) and its junctional fibres ITie broad upper end 
of the sinus node begins in the angle between the siipenor a ena cava 
and the right auricle the lower tapenng segment of the node 
extends to the region of the mouth of the inferior vena cara near the 
aunculo ventricular junction Its position is rcadilj detetnnncd 
bj means of these features In the opened auricle the emus node i-s 
found e\ en more easily In tins instance one can ea'sdi distinguish 
a part of the auncle covered b> trabeculse from a smooth jiortion 
iiluch corresponds to the sinus of lou-er aiumals The lionler 
between the tuo parts of the auncle is formed bi a thicl bundle of 
muscle the twma termmalis The emus node is found in the ttnia 
terramalis 

Fig 3 shows a drawing of a dogs heart after the preparation 
had been made translucent bj \>!o! The division of the right 
auncle into tuo sections can rcadilj bo recognized to the loll the 
smooth portion of t he auncle may be scon to t he nght the remarkable 
network of trabecula? In this heart the smus node which begins 
in the aunculo caral angle is embraced bv tuo vascular branches 
uluch arise from a vessel mnnmg dovmuard to the right and 
antenorlj 

In adult man the sums node is 2 5-3 0 cm m length and approvi 
matel> 2 mm in width it can be dcmonstratetl macro«copicallv 
and IS composed of the so ealletl specific fibres w hicli can he differeu 
tiated histologically from the common musculature bj the fact 
that thej are smaller contain more nuclei and are surrounded bv 
much more connective tissue 

!NormalIj the cardiac stimulus arises in the head of the sinus node 
(pacemaker) Anj ofher ol flie numerous TiUres m fhe sinus node 
can also form stimuli however under normal circumstances all 
other fibres are silent onh one of the manj fibres (centre) 
lying in the head of the sinus node paces the heart Uhe fact that 
one fibre among thousand? suffices cvemphfies one of the numerous 
safety devices in the heart 

The connecting (junctional) fibres raebate out in all directions 
from the sinus node and "oon imperceptibly merge with the auricular 
muscle There are no defiratc conduction paths in the auncle 
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of an entangled not of apccific fibres which interweave in all 
directions, 

Vci^’ often the connection of the A-V node with the aunciikr 
mtiscidatnrc is presented aa if the node, l>ing in the nght annclc, were 
alone conncctetl with it Actually numerous connecting fibres also nm 
over to the left auricle If an A-V rlijdlim exists in a dog expenraent, 
then the left auricle contracts before the right (Rothberger and Sclierf) 

Gradually the cells become more parallel in arrangement, the 
structure of the specific tissue becomes more clearly defined, and 


Kup B aur I> aurkJa 



the A-V node passes into that section of the A-V sj’steni which is 
caf/ctf the fnuicffo of Hia. Tlfto huncCfe of His is easy fo focate irt 
the heart. It lies directly behind that part of the ventricular 
septum which contains only connective tissue and, for this reason, 
is transparent when held against the fight (septum membranaceum. 
Fig 4) This position mahes it comprehensible why a congenital 
heart block exists in some cases of congenital malformations of the 
heart, because not only the anlago of the septum membranaceum, 
but also that of the bundle may be affected Whether or not an 
cmbryological “ dysplasia ” is entirely responsible for the raalfor- 
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electrodes are directly appbed to the sintis node the electncul e^ cuts 
nccompanying its excitation can easily be recorded (electrogram of 
the sinus node). However, this situation no longer prevails with 
indirect leads from the surface of the body Only w lien the inipul'o 
leaves the sinus node, and, radiating m all directions, spreads over 
the auricle does the first ware, the auricular or P icate, appear in 
the electrocardiogram It presents a low, upward (positive), often 
shghtlj splintered notch (Fig 5) It develops from potentials 
accompanied by tlie activation of l^th auricles * 

Normallj the right auricle which contains the sinus node is excited 
first and then, after the lapse ol only 0 01-0 03 second, the left follows 
However, this difference in time Is too short to be significant 

The tune which elapses between stimulus formation in the sums 
node and the beginning of excitation of the auncles (sino auricular 
conduction time) amounts to 0 01-0015 second Since the actmtj of 
the sinus node cannot he recorded durectl> in the electrocardiogram, the 
duration of the sino auricular conduction can be determined onl} 
cxpenmentallj The excitation of the auncles is completed when the 
apex of the P wave appears in the electrocardiogram 

After the stimulation of the auncles the wave of excitation 
poshes to the ventnclcs b^ means of the atnovcntncular system, the 
second collection of specific fibres 

The atrtoientncular system begins with the atnotentncular node 
(A-V node, node of Aschoff and Tawara, lOOG) It is composerl of 
a small auricular part lying above the ntnoventncular septum and 
a larger ventncular section located below this septum Both parts 
possess a different histological structure and are sharply defined 
from each other (Kung) The position of the A-V node in the auricle 
IS easj to detemune The location of the mouth of the coroniiy 
vein m the right auricle is estabhohed , the A-V node begins 
immediately in front of it, that is, m the posterior inferior section 
of the interauncular septum (Fig 4) Lihc the Biniis node it al=o 
has junctional fibres which spread out in all directions and create 
connections with the auncoW mu«:culature , the junctional fibres 
spread especially to the right ouncle, to the auncular septum, 
and to the left auricle , they accept the wave of excitation coming 
from the auncle and conduct it to the A-V system The structure 
of the A V node is quite complicoted , histologically it consists 

• la this book the electrocardiogranw wlitch were recordetl with the «njplif>ing 
electrocardiograph are shown as a dark line on a white background (tune marking 
0-05 accond) The electrocardiograms w^ith a light (grej ) cun e on a dark background 
were recorded with a string gabanometee (tune record, unless otherwise stated 
0-04 second] 
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ahnoM stvinIla7ieonshj Therefore the force A\nth vrhich the 
mammalmn \entnoIe contracts is entirely different from that of 
cold blooded nnmials ^\he^e the excitation extends gradually 
affecting one section of the \entticle after another 

j\s long ns the excitation proceeds along tlie rather extended 
A-V system no alterations of the electrocardiogram are apparent 
l\hile the bundle of His its branches etc consist of quite large 
collections of cells their excitation creates potentials which aie far 
too small for registration from the surface of the body Tor the 
most part the potentials are short circuited m the interior of the 
heart For this reason nn isoelectric line again is registered in the 
electrocardiogram after the P wave Only when the excitation has 
left the A Vsjstem and with 
the aid of the Purhiiije fibres 
has reached the common 
nuiselo does one again sec 
waves m the elcctrocardio 
gram tlic ventricular electro 
cardiogram 

From iht'i xl follows that 
tit Hfttcxfic ttswe forms and 
conducts slimuh but its 
activity in the aurtcU and 
lentncU ti not directly re 
corded in the electrocardiogram 
only tis results are ttsible The 
waxes Axhich arc evident m 
the electrocardiogram develop in connection with the excitation 
of the common muscle and not of the specific fibres 

Tlie lentncular electrocardiogram is composed of two parts the 
initial and the terminal d^echon The initial deflection (imtial 
complex or QRS complex) dexeloia from the summation of the 
single potentials w Inch are formed by the excitation of the ventricles 
Tn the cfas*»icaf normaf efectroconliogram it consists ol” a short 
downward directed Q wave a high upright Hwaie which is 
followed bj another small downward wave the S wave (Fig 0) 

A Q or S xvavc is never directed upward (positive) and an 
Rwa\e can never be directed downward (negatixe) A Q wave 
must alw ays be located in front of the R and an S w ave must 
always be after the R Normally the xvaxes are delicate and 
thin 

These designations for the electrocardiographic w ax es intioduced 
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mation i’'. undcculccl Fcetal endocarditis mnj ph> a part in Fonic 
ca*:e8 

Just belon the septum membranacpum the bundle divides into 
tno mam branches one for the right and one for the left lentricle 
Each has an entirely different structure The right bundle branch 
runs as n small self contained cord doivn to the papillary muscle 
and onl} there does it divide into finer branches On the other 
hand the left bundle branch divides soon after its origin it sends 
an anterior branch forward a posterior branch dorsall^ but in 
between there are also man> smaller branches a small brancli 
originating just after the left bundle brancli even goes upwards to 
the musculature of the septum (Mahaim Fig 4) 

The mam limbs then subdivide into continually smaller branches 
which form a mesh vntli each other and finiUj pass mto a network 
visible only nucroscopicallj of peculiar large fibres Tliese invest 
the inside of the ventricles and convej the transmission of the 
excitation to the ventncular musculature (Purkinje fibres) 

In order for a stimulus to pa«8 from the auricle to the ventricle 
it must travel along the entu« long path just described The specific 
tissue of the aunculo ventncular system is in contact with the 
woikmg musculature “vt onij two places The connection with 
the auncles is accompbshed bj the ramification** of the A-\ node 
that to the common muscle by the Purkinje fibres 

The existence of connecting fibres which are said to run through the 
ventricular septum and to create a connection between the Purkinje 
networks of the nght and left ventricles has been claimed by \\ ahbn as 
well as bv Cardwell and .Abramson their dcscnptions still lack 
confirmation 

The specific tissue to be sure lies embedded m the ventricular 
mu'sculature but is separated from it bj a kind of lymphatic sheath 
If m certain ammals a d>e is injected mto this lymph sac the 
ramifications of the specific tissues are stamed in their totabty but 
the common mu«cle remains unstained This isolation of the specific 
tissue m comYnnation wit^i its Bpeiial Vmod vtqqh^ Ip itmVi?' vn 
the fact that the A V S} stem maj not necess<ariiy be simultaneousU 
affected bj diseases of the common muscle The condiictioii of 
stimub IS often normal when the common muscle is severelj 
damaged On the other hand the spcciho tissue alme mav be 
affected despite an mtact common muscle The, specific tissue / n « 
if# oicn pathologj 

The complicated structure of the conduction system permits 
the excitation to reach apjiroximateh all parts of the ventricle 
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pingle fibre requires a longer time so that the T nave i3 broader 
and more sluggish than the QRS complex 

If reco^'ery were to occur with the same speed in every single part 
of the mjocardium and in the same order as the excitation and if 
the heait did not alter its position in the thorax during systole, the 
terminal deflection would be the exact mirror image of the initial 
deflection. Actually, however the recovery process proceeds much 
more slowly and probably requires different lengths of time in 
V anous muscle segments , it proceeds in a similar but not in an 
identical sequence as the excitation , moreover the position of the 
heart decidedlj changes during contraction All tliese factors are 
responsible for the fact that the recovery wave the T wave shows 
an entirelv different shape from that of the initial deflection 
Normally T is a low , positive wave which evolves slowlj 

Quite frequently in the electrocardiogram of normal inthviduals 
another wave, even more sluggish and loner is found after tho 
Twave , it has been designated the Cf uou Smcc it is located after 
the T wave, at the beginning of diastole it ccrtamlj is unrelated to 
ventiicular excitation or recoverj' A conclusive explanation for it 
is not available but the following suggestion seems to be the best 
The sj stolic atroKe v oUirae of blood is at first received by the large 
vessels and then advanced The U wave has been ascribed to the 
excitation of the smooth muscle m the initial part of the aorta and 
of the pulmonary artery (Henng) The presence or absence of the 
Uwave has no pathological significance (U waves are evident m 
Figs 8, 9 and 103) U waves arc often found especially m electro 
caidiogrnms which have been recorded after physical exertion 
The authors cannot confirm the report of other workers that a 
U wave can be found in ctery electrocardiogram tliat has been 
accuratel> recorded in all respects 

The waves of the normal electrocardiogram in different indi 
viduals and in the single leads of the same patient exhibit verj 
decided variations m fonii which will be considered on p 20 

A fuiowfedge of a lew numencai' values is necessary ibr tiie 
appraisal of tho electrocardiogram In the first place, one is 
interested m the time which elaj^es between tho auricular and 
ventricular activation (conduction time) In the electrocardiogram 
it 13 determined by measunng the distance between the beginning of 
the P wave and the beginning of the initial deflection This P-Q 
interval (m tho absence of a Q wave, the P-R inten al) embraces 
the excitation of the auricles as tiell aa the conduction of excitation 
m the A-V system Therefor© in ^as^ m which intra»aurieular 
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by Emtbo\en are generally employed and have resisted all attempts 
at a nea nomenclature But thej give nse to seieral difficulties 
■winch should not be left nnmentioned 

If electrocardiograms are recorded sirauUaneouslv m several lea<U 
when an R wave is registered m one leiul an S sometimes appears m 
another In this event some authors have designated the S w av e as a 
negativ e R This procerlure has letl to confusion and for this reason is not 
recommended 

In devtrocardia the imtial deflection in Lead I is the mirror image of 
the normal (see p 38) even in this case it is not advisable to desenbo 
the traemg as though a positive Q wave were followed bj a negative R 
and then again by a positive S wave It i s much better to retain the rule 
and to call the first upw ard deflection an R wave the downward deflection 
which precedes it as Q and the downward deflection which follows it as 
an S wave 

Kot rarely (with the atnng galvanometer more frequently than with 
the amplifying electrocardiograph) a amall or large positive wave is found 
after the S wave (Fig 34) this wave has no name (it has been called 
the wave or innominata it has no practical significance) In several 
disturbances of intraventricular conduction several additional new waves 
may appear In this ev ent it is advisable to describe the initial deflection 
m a manner that the direction of tbe wave is reported os + or — and in 
addition to mention their amplitude in millimetres (Mcljiiin and hitc) 
This method is very useful and deserves wider apphcation m the desenp 
tion of all electrocstdiograms not accompanied by tracings It provwles 
an accurate concention of the electrocardiogram which is being described 
An example of the descnption of the initial deflection in a normal case 
(such as Lead 11 Fig S) would be — 1 + 1 1 — J By means of this 
description the direction and height of tbe waves of the initial deflection 
is clearly and unequivocally expressed 

Foimeily the individual waves "were associated with the evcita 
tion of definite parts of the heart But these efforts w ere 
abandoned after it was proven that the e-vcitation reaches almost 
simultaneously through tlie conducting system the most diverse areas 
of the right and left ventricles the region of the apex as well as the 
base 

As soon as both ventricles are activated an isoelectric hne or 
S-T segment (or in the absence of an S wave tbe R T segment) is 
registered since at that tune no differences in potential exist at the 
sites of derivation But ns soon as recovery from the evcitation 
begins (deactivation) differences ui potentials reappear and the 
termmal deflection the T-tcate occurs and appears in the electro 
cardiogram 

The excitation proee®s it«elf evolves very rapidly and produces 
steep waves of short duration Recovery from excitation in each 
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Binglo fibre requires a longer time «!0 that the T u ave xs broader 
and more sluggish tlmn the QllS complex 

If recovery u-ere to occur xvitli the same speed in everj smgle part 
of the mjocardium and in the same order ns the excitation and if 
the lieart did not alter its position in the thorax durmg 8;y’Stole the 
terminal deflection Mould be the exact mirror image of the initial 
deflection Actuallj houever the recovery process proceeds mucli 
more slowlj and probablj requires different lengths of time m 
lanous muscle segments it proceeds in a similar but not in an 
identical sequence as the excitation moreover the position of the 
lieart decidcdlj changes durmg contraction All these factors are 
responsible for the fact that the tecoverj uave the T wave sIioms 
an entirely different shape from that of the initial deflection 
Normally T is a low positive wave which evolves slowly 

Quite frequently m the electrocardiogram of normal individuals 
another viave even more sluggish and loMcr is found after the 
Tuave it has been designated the t/ itnte Since it is located after 
tho T Mavo at the beginning of diastole it certainly is unrelated to 
ventricular excitation or recovery A conclusive explanation for it 
18 not available but tlie following suggestion seems to be the bext 
The systolic stroke volume of blood is at first received by the laige 
vessels and then advanced The U wave has been ascribed to the 
excitation of the smooth muscle in the initial part of the aorta and 
of tho pulmonary artery (Hering) The presence or absence of the 
U wave has no pathological significance {U naves are evident in 
Figs 8 9 and 103) U naves are often found especially m electro 
cardiograms nhich have been recorded after physical exertion 
The authors cannot confirm the report of other workers that a 
Uwave can be found m etery electrocardiogram that has been 
accurately recorded in all respects 

The waves of the normal electrocardiogram in different indi 
viduals and in the single leads of the same patient exlubit very 
decided variations in fonn which will be considered on p 20 

A knowledge of a fevi numerical values is necessary for the 
appraisal of the electrocardiogram In tlie first place one is 
interested in tho time which elapses between the auricular and 
ventricular activation (conduction time) In tho electrocardiogram 
it 13 determmed by measuring the distance between the beginnin.g of 
the P wave and the beginning of tlie initial deflection This P-Q 
interval (in tlie absence of a Q wave, the P-R interval) embraces 
tho excitation of the auricles as udl as the conduction of excitation 
m the A-V system Therefore in coses in w Inch intra auricular 
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by Eintbo% en, are generally employed and have rc^^isted alt attempts 
at a new nomenclature But thej give nse to several difficulties 
which should not be left unmentioned 

If electrocardiograms are recorded simultaneously in several leails 
when an Evvave is registereil in one lead an S sometimes appiars in 
another In this event some authors have designateil the S wave as a 
negative R This procetlure has led to conftwion and for this rea«on is not 
recommended 

In dextrocardia the imtial deflection in Lead I is the mirror image of 
the normal (see p 38} , even m this case it is not advisable to descri^ 
the tracing as though a positive Q wave were followed by a negative R 
and then again bv a positive S wave It is much better to retain the rule 
and to callthe first upward deflection an R wave thedownward deflection 
which precedes it as Q, and the downward deflection which follows it es 
an S wave 

Not rarely (with the stnng galvanometer more frequently than with 
the amplify mg electrocardiograph) a small or large positive wave is found 
after the S wave (Fig 34) this wave has no nara“ (it has been called 
the Sj wave or innominata it has no practical significance) In several 
disturbances of intraventricular conduction, several additional new waves 
may appear In tha ev ent it is advisable to describe the imtiai deflection 
m a manner that the duection of the wave is reported as + or — and in 
adthtion to mention their amplitude m miliimetres (ilcGinn and White) 
This method is very useful and deserves wider application in the desenp 
tion of all electrocardiograms not accompanied by tracings It provides 
an accurate conceution of the electrocardiogram which is being described 
An example of the description of the imtial deflection in a normal case 
{such as Lead II Fig 5) would be — 1, + 11, — i By means of this 
description the direction and height of tbe waves of the initial deflection 
is clearly and unequivocally expressed 

Formerly the individunl waves were associated with the evcita 
tion of defimte parts of the heart But these efforts were 
abandoned after it w as proven that the excitation reaches almost 
simultaneouslythrough the conducting system the most diverse areas 
of the nglit and left ventricles, the region of tbe apex as well as the 
hose 

As sQoa as. hath, ventticlea ace activated an ipoelectne bne or 
S-T segment (or m the absence of an S w av e the R-T segment) is 
registered, smee at that time no differences m potential exist at the 
sites of derivation But as soon as recovery from the excitation 
begms (deactivation), differences in potentials reappear and the 
termmai deflection the T-vxae occurs and appears in tlie electro 
cardiogram 

The excitation process xt«elf evolves v ery rapidly and produces 
steep waves of short duration Recovery from excitation in each 
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explain those frequent cases in which, despite most eevero disease 
of the coronary arteries or the working muscle, the specific tissue 
may remain mtact 

Likewise the innena 
tio7i of the specific tissue 
18 e\tensl^ e Each specific 
element is surrounded by a 
net of nerve fibres so that 
the greatest difficultiea aie 
encountered m the e'x 
peiimental separation of 
the nerve and muscle 
fibres The nerve fibres 
belong to the vagus and 
sympathetic sjBtem 

Sjinpathetic fibres can 
be demonstrated everj- 
whero in the heart 
Although very abumlant 
in the sinus node they 
are less numerous in the 
A-V node, but they are 
also found in the deeper 
sections of the ventncles 
^^agus fibres, how ever, are 
found with certainty onl^ 
as far down as tlie 
region of the A-V node 
and have never been seen 
histologically in the deeiicr 
sections of the ventricle 
nor have direct vagus 
eJffects been unegmv o- 
cnlly proven in the ven- 
tricle either bj pharmaco- 
logical or other expeii 
mental methods Early 
works, dealing with this 
question, amv ed at the 
opposite conclusion, but 
thej have not been confirmed bj recent studies performed with 
modern methods (Drurj , Rothberger and Scherf ) 
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CLINICAL BLECTBOCARDIOGLAPin 


Both coronirj artenes particapate in the ntjtrition of the left himdle 
branch, but the right bundle branch obtains its blood excluanely 
from the Ramus descendens of the left coronary avter\ Mahaim 
strongU emphasizes this fact since it creates unfavourable condvhona 
for the nutrition of the nght bundle branch 

The schematic drnuing m Fig 0 (modified from Maliaim) further 
desenbes the nutritional arrangements of the A-V s^otem 

Numerous ranations are found in the course of the vessels of the A-1 
sistcm Tlins in about 10 per tent of cases the left coromn arten 



Fio 0 Sel ematic drawing of the arterial blood f> ipr^/ *' 

auriculo >-entncuIar cond iction ««jslein (after 'Maluiim) 

mostly participates m the nutrition of the bundle of His and of the A ^ 
node 

Abundant anastomoses caibt between the different brniiclies of Ine 
coronary arteries In those coses of nortitis in which the orifice of one 
coronan arter\ is comp'leteiy o’blitcratccl and the ot’ner so 
reduced that the orifice is smaller than the head of a pm wc haie ne'tr 
seen a disturbance of stimulns formation or of stimulus conduction 
appear in other words anastomoses of the coronary sjstem udh th^ 
bronchial artenes or the pericardul teasels, the vasa xasoruni of the 
aorta and the vasa Tliebesii maj be siifhcitnt for ensuring (he compensa 
tor\ blood suprb of the specific tissue 

The separate blood supply of the specific tissue and tlie numerous 
connections betu een the brandies of the tu o coronary artenes help 
^ -mtain its independence from the working muscle, and tend to 
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explain those frequent eases in ^lucli, despite most severe disease 
of the coronarj arteries or the 'working rausele, the specific tissue 
maj remain intact 

Likew ise the tnnenvi 
lw 7 i of the specific tissue 
18 extensn e Each specific 
element is surrounded h^ i 
net of ner\o fibres bo that 
the greatest difficulties are 
encountered in the ex 
perimental separation of 
the nerve and muscle 
fibres The nene fibres 
belong to the vagus an<I 
sympatlictie sjstom 

Sympathetic fibres can 
be demonstrated e\ers- 
w here in the heart 
Although aery abundant 
m the emus node they 
are less numerous m the 
A-V node, but the\ are 
also found in the deeper 
sections of the aentnclcs 
Vagus fibres however are 
found with certainty only 
as far down as the 
region of the A-V node 
and )ia>e neacr been seen 
histologically in the deeper 
sections of the ventncle 
nor have direct a agus 
fjrecj-s hren uncgiuvo- 
cally proven m the \en- 
tricle either by pharmaco 
logical or other experi 
mental methods Early 
uorks, fleahng witli this 
question, armed at the 
opposite conclusion, but 
they have not been confirmetl by recent studies performed with 
modern methods (Drura Rothbeiger and Scherf) 
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Both coronary artenes participite in the nutntion of the left bundle 
branch but the right bundle branch obtains its blood exclusivelj 
from the Ramus descendens of the left coronarj arteiy Mahaim 
stroi^lj eiuphafeiies tUva fact since \t creates nnfavoursWe coruhtiotis 
for the nutrition of the right bundle branch 

The schematic drawing m Fig 0 (modified from Mahnim) further 
describes the nutritional arrangements of the A~V sjstem 

hiumerous \ar 1 at 10 n 9 are found m the course of the \esseh of the A-\ 
s\stem Tims m about 10 per cent of cases the left coronarj ar(er\ 



Fio r Scbcmntic drawing of tl o arterial blooi) aiippb 
auriciilo >entncular conJuctioa -iMitem (after SfAhai n] 

mostlj participates in the nutrition of the bundle of His and of the 
node 

Abundant anastomoses exist between the different branches of the 
coronarj artenes In those cases of aortitLs m which the onfice of one 
coronarj' arterv is completelj obliterated and the other so marhedh 
reduced that the onfice is smaller than the head of a pin we liate ne%er 
seen a disturbance of stimulus formation or of stimulas conduction 
appear in other words anastomoses of the coronan sjBtem with the 
bronchial artenes or the peneardial \es3els the vasa \asonim of the 
aorta and the vasa Tliebesii mav be sufficient for ensuring the comiwnsa 
torj blood supply of the specific tissue 

The separate blood supplj of the apecific tLssiie and the numerous 
connections between the branches of the two coronary arteries help 
to maintain its independence from the working muscle, and tend to 
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explain those frequent cases in whicli, despite most severe disease 
of the coronarj’ arteries or the ^rorking muscle, the specific tissue 
may remain intact. 


Like^v'^se the inverva- 
tion of the specific tissue 
is extensive. Each specific 
element is surroundetl by a 
ntl of nerve fibres bo that 
the greatest diificulties are 
encountered in the ex- 
perimental separation of 
the nerve and muscle 
fibres. The nerve fibres 
belong to the vagus and 
jfyx^paiJietjc »ysieJ33. 

Sympathetic fibres can 
be demonstrated every* 
irljere in the heart. 
Although very abundant 
in the sinus node, they 
are less numerous in the 
A-V node, but they are 
also found in the deeper 
sections of the ventricles. 
Vagus fibres, however, are 
found with certainty only 
as far dou’n n.s the 
region of the A-V node 
and have never been seen 
histologically in the deeper 
sections of the ventricle, 
nor have direct vagus 
ellects been unequivo- 
cally proven in the ven- 
tricle either by pharmaco- 
logical or other e.\peri- 
mentnl methods. Early 
works, dealing uifch tliis 
question, arrived at the 
opposite conclusion, hut 



they have not been confirmed by recent studies performed with 


modern methods (Drury, Kothbergor and Scherf). 
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]\o proof exists of direct vagiis action depressing contraction 
stimulus formation or conduction m the i enlnch of the mammalian 
heart Therefore tlie oft-dcsenbeil vagal cardiac weakness does 
not exist Considered from the teleological standpomt this situation 
IS xery advantageous for the oi;ganisin it would constitute a con 
siderable source of danger for the survival of the organism if the 
vagus nerve a depressant of all the fundamental properties of the 
heart could directly influence the x entncle 

The right ventricle of a dog (Fig 7) was rhythmically stimulated 
XV ith a suitable apparatus so that a ventricular tachycardia apjieared 
The intrarentncular pressure was registered in the left ventricle 
In the illustration the broad \v hite lines near the centre of the tracing 
indicate the cessation of stimulation xoth a faradic current of the 
right vagus nerre The portion of the curve to the right of the xv lute 
signal lines shows the intraventricular pressure after vagus stimula 
tion remaimng the same as the pressure during siunulation It is 
apparent that the intrav entncular pressure does not vary under these 
conditions Stimulation of one of the sympathetic nerves of the heart 
for a few seconds considerably increased the rntraventricular pressure 

To be sure the vagus can tndtrecOy alter ventricular actmtv m 
three ways 

1 Through depression of stimulus formation m the auricle and 
through the slowing of conduction to the ventricle If this depression 
exceeds a certain limit the xentncle which is nulejiendent from the 
vaguH aids itself by its own automatism 

2 Through alteration of the calibre of the coronory arteries 
which are constricted by the vagus 

3 Upon stimulation of the vagus the vagus substance of Locwi 
(acetylchohne) hberated in the auncic may reach the ventricle 
through the venous ostia and coronary arteries and exert a weak 
effect demonstrable only under special conditions (Scherf confirmed 
by Engellnrt) 

In many animals used for expenment the right vagus has a 
greater action upon the sinus node (stimulus formation) and the loft 
more upon the A~V node (and therefore on stimulus conduction) 
(Rothboiger and \S interberg) In man these differences are usually 
absent 

VARIATIONS IN THE FORM OF THE NORMAL 
ELECTROCARDIOGRAM 

No two people on earth liave identical electrocardiograms 
Every electrocardiogram shows some individual characters Only in 
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homologous Unns aro there remarkably great Bimilanfies m the 
electrocardiogram (Almeida Parade) 

In Fig 8 may be seen sections of tracings jn the three leads from 
B 0 \ e n patients " ho bad 
normal circulation and ho 
were fiee from symptoms 
The tracings show distinctly 
the marked differences in 
the form of the electrocar 
dmgrani rec()rde<l in ^ anons 
mdiMdiials These differ 
enres are so groat that it 
Ins been suggested that the 
electrocardiogram rathci 
than the finger prints of 
cnmtmls should bo ro 
corded Naturally this sug 
gestion w as not adoptoil 
because the electrocardio 
gram can undergo decided 
and rapid alterations from a 
> nrioty of causes 

In the health} indiM<ltmI 
atypical waves aro most 
frequently disph} cd m Lend 
III which IS 80 often the 
lead of exceptions that 
one can rarely obtain the 
cJassjcfll normal electrocar 
diogram in a health} person 
in all leads In Fig 8 
which IS not intended to 
repsT’^jjt MOertef} troricga' 
m e\er} case Lead III is 
atyiucal m some particular 
Il^en the Pwnvo fro 
quentl} show s \ ariations in 
form in Lead III it inaj 
be raarke lly sphntered m 

visible or negahic Approximate!} 15 per cent of healthy people 
show atypical P wa\es m Lead III 

As e\ idenced b} Fig 8 the initial deflection is often splmtercd 
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plump or notched in Lead III TheT na\emaj be absent inverted 
or diphasic These aarnnts in the form of the T Ma\e m Lead III 
are found in approxunately 40 per cent of normal people E% en 
when they are absent at first and ajipear during observation thej 
cannot be e\ aluated since — as mil be shorni later — extreme altera 
tions m the T ivave can appear in Lead III a** the result of alterations 
in the position of the diaphragm 

The normal range of aariations m the electrocardiographic na^es 
IS much smaller in I tads / and II 

Sometimes the P teat c is pointed often it is split In leads I or 
II (less often than in Lead III) of the normal mdiiidiial it niaj abo 
be very Ion or practically iniisible It may liaie a nidth up to 
0 10 second and rarelj exceeds a height of 2 nim 

The P Q dislaiict or interval which follows the Pnave 
frequently hes belon the isoelectric line This is the efiect of an after 
deflection which follon-s the Pwaae similar to the Tnaxe niuch 
follows the QRS-complex The after deflection of the P wave is 
called the T auricular nave (Ta nave) If the Pnaies are veiy 
largo this T of the P can be recognized m the P Q (or P R) 
segment Ijnng deep below the isoelectric Ime It can be seen more 
easiJj when the P nave w not folloned bj a xentncular complex 
(cases of heart block) As a rule tlii« final deflection of the P wave » 
inverted mth a positive Pnave and is directed upnanl witli u 
negative P wave that is they run in opposite directions (Fig 102) 
If the electrocardiogram is recorded after physical exertion Ta is 
more marl ed The T of the P naxe (the Ta nave) proceeds so 
sluggishlj that it raa^ exen influence the position of the S-Tsegment 
(see Fig 1^18) 

The length of conduction time measured from the beginning 
of the P wave to the beginning of the Q (or R) varies — as nientionetl 
earlier — ^between 0 12 0 20 second Measurement of tracings maj 
reveal that this distance is not the «'ame m all leads This is becau=e 
the begmnmg of the P xvave sometimes cannot be determined 
nith exactitude in one or another lead since it does not ahvajs 
rise abruptly from the base line likewise the first part of the initial 
deflection cannot at times be determined Tlie P xi ax es and the 
mitinl deflections like all of the other waves of the electrocardiogram 
develop as might be anticipated fronithesuraofpositiveandnegative 
potentials xrhich ifregisteredindividuallj produce upwardond down 
w ard deflections in the electrocardiogram The summation of equallj 
large positixe and negative potentials for a time can jueld zero 
values It is recommended that one should consider the longest 
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conduction tune of the three tends as most closolj npjiro\iniating tlie 
coiTect ■value 

In the healthy mdiv idunl the length of conduction time may-varj 
hetucen the limits stated depending upon the cardiac rate On 
the avenge it is sliorter m children 

The Q is often absent Normally it does not exceed a 
depth of 3 mm m Lead II In exceptional cases the R wave may 
attain the height of 20 mm the 8 « n\ e hich m many ca«e8 is also 
absent m one lead or another ma> be twice as deep a« the Q wa\e 
Under normal circumstances the R wave is highest m Lead II 
Howeier exceptions an- not rare 

Slight sphtting and notching of the initial deflection also occur 
normallj thej are found es|>ecia!lj often near the base Une and are 
attributed to a congenital abiiormabty of structure of the conduction 
bjstem which is phjiogencticall^ recent and shows manj variations 
Ihe width of the entire imtwl deflection which is always measured 
from the begtnjivi^ of the Q wave (or in the alisence of a Q from the 
R wave) to the end of the b wave (or R wave if there is no S) vanes 
in the hcaltlij individual asstated above betw ecn 0 lOeoconcl 
but it 18 usually less than 0 08 tecond On the average the longer 
intervals aro found in. tall men of powerful pliy^ique Tor reasons 
previous!} cited it is not equally long in all leads If ddFerent 
values arc recorded in individual leads the liigliest is talxen as 
approximating the correct value where chest lead* are recorded 
it IS usually highest in that lead (sec p 150) 

As alreadj mentioned the S-T s&jmenl vanes in length In 
the healthy person it does not always lie exactly on the baseline 
In string galvanometer records normally it may he a few tenths of a 
millimetre below or 1 3 mm above the isoelectric hne In the 
amplifying tjpe of electrocardiograph displacement up to 2 mm 
ahoie the isoelectric hne is normally possible An over active heart 
(after physical exertion or hyperthyroidism) may lead to slight 
dovvnvmrd disjdaceinent of tlie ,^T segment (see also p 142) 

In Leads I and II the normal T wav e is at least 1 5 inm high , 
It luav attain a height of 5 mm and rarely more It is usually 
rounded, rarely pomted and the begmning and end are not abrupt 
With a low diaphragm the T wave in Lead I can be very low 
It 18 nev er split or notched and is rarely bifid 

It IS clear that all numencal values for the amplitude of the 
waves of a normal electrocardiogram hold only for those electro 
cardiograms which are taken with an ajiparatus standardized at 
1 cm for one milhon and with the patient ui the circuit 
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Most of the electrocardiograms in Pig S show some pecuhantv 
although thej were recorded from health^ }oung people 

In the first ca»e (from left to nght) the P wave in Lead III is 
negative and in Lead II it js almost invisible In the second caMi 
the P uave shows splintering espocivllj in Lead I and the initial 
deflection is low m this lead In the third case notching maj be 
seen in the descending limb of the R wave near the baseline and the 
T wave m Lead III is uegatiic In the fourth senes of tncings 
the S-T segments are distincth elevated in Leads I and II, the 
initial deflection is thick (slorml) and notched and the T wave is 
V erj small The S-T segment is al<o definitclj aho\ e the isoclcctnc 
line In the fifth ca«e the T in I^ead III is verj low In the sixth 
tracing the initial deflection is abnormal m Lead III and distinct 
IT waves are evident especialJ> in Lead II In the seventh sene’* 
the P wave i« split in all leads , the initial deflection shows a deep 
split R wave and the T w av e is almost invisible in Lead HI 


DEFORMATION OF THE ELECTROCARDIOGRAM DUE TO 
UNSUITABLE RECORDING 

The electrocardiogram can be <lefonne<l b> imsmtahlc connee- 
tioas, for example bj polarizing electrodes, or hy the u»e of 
condensors of unsuitable values in series with the patient so that 
pathological alterations are simulated Under these conditions 
some waves ina3 show abnormal magnification or reduction, the 
b-T segment maj be displaced, and the T waves maj be diphasic 
Fig 0 reproduces two electrocardiograms of the same healthj 
twentj jearold man recorded immediately after each other, the 
upper tracing was traasenbed by means of a large stnng galvaiio 
meter with a condensor in the ciremt, the lower tracing with an 
amplifying electrocardiograph In the stnng galvanometer tracing 
a very deep S w av e exists m Lead I, vv Me in that of the amphf> ing 
electrocardiograph the S wave is much araaller In I,eads II and HI 
S naves are recorded onlv with the string galvanometer while they 
arc absent in the record of the amplifying electrocardiogrojili 

In Lead I of the string galvanometer record the fe-T segment H 
displaced above the baseline m an entirely abnormal manner (effect 
ofpolanzation) the teconl from an amplifying electrocardiograph 
shows a normal &-T segment Hie T waves in Lend I are abo 
positive in the electrocardiogram of the string galvanometer, but 
they show a distinct negative after pha'«e which reprc'onts a typical 
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polarization effect , this is ab'^entm the trnemga recorded Mith the 
nmpliftnng 157)0 of apparatus XJ waves (most distinct m I^ad II) 
arc seen m both tracings 

ft ts typical for ehctrocnrdtogramsrecordal tn a technically improper 
manner by the stnnq gaharmneter to tthw> too deep S tcaies abnormal 
S--T segmenle and dijihaaio T icates With accurate techmquo such 
features ire encountered onlj under patliological conditions Lick 
of knowledge of this fact often leads to errors of serious import 

Opinions \ ary on the question of whether the string galvanometer 
or tlic amplifying electrocardiognpli yields more accurate tracings 
and -which, for this reason should bo preferred Among other 
things it IS stated of the string galvanometer that the current 
llowing through the appaiatus leads to a fall of potential This fall 



I'lQ (1 Two ctectrocarchognitiis front tie patient The upper 

traemc «ae recorded with a string gahanometer the lover with an 
amplifying apparatus 


of potential is questioned by others or considered so shght that it is 
dot Old of significance 

How ever, a dis idvantngc of some amplifying electrocardiographs 
consists in the fact that the electrocardiogram is deformed b\ 
amplification 

The authors are of the opinion that an apparatus constructed in 
accordance tvith eitlier principle will yield satisfactory tracings so 
long as certain rules lU the tcclimc of recording are oijserved (no 
condenser in the string galvanometer) and the peculiarities of the 
apparatus concerned are considered 

There are several other reasons for the deformation of the electro 
cardiogram by external influences 

1 Restlessness of the patient movements of the head or the 
extremities All of those bring the string out of its zero position 
through muscle action currents foreign to the heart (Fig 10b) 
If a tic exists the disturbance rccum at regular intervals so that 
pathological cartUac w av es may be simulated 

2 Frequently the electrocardiogram is deformed by alternatiug 
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currents TJiere are rooms and structures nJuch are Iiaunted 
bj stray induction currents At times the«e maj' obscure 
an electrocardiogram so greatlj that the tracing cannot lie 
evaluated This disturbance is recog- 
nized by the regukntj of the vibrations 
m the electrocardiogram (Fig lOc) Manv 
of the tracings m this book show vibra 
‘ tions of alternating currents to a shght 
or marked extent Often this disturbsncc 
nia^ be abolished or dimmished h> wrap- 
ping the patient in an isolating co\er 

3 Not rarelj the electrocardiognra 
shows disturbances as the result of slip- 

' shod contact, and this maj gi\e rise to con 
fusion with abnormal waves (see Fig 75) 

4 IVemor of the patient m hjTier- 
th^Toidism m the semlo, and in the 
profound!) cachectic uidtvidual m a } 
induce disturbances which at tunes make 
a finer analysis of the tracing impossible 
(Fig lOd) This change is usually most 
marked in Lead 1, and much ehghter in 
Leads 11 and III since usuallj both arms 
participate in the tremor Sometimes 
it is nece^ry to employ a chest lead in 
order to interpret the electrocanbograms 
of these patients, partvcularh wnth re- 
spect to the smaller waies To minimize 
this disturbance the patient should he 
m a warm room the bandages for the 
application of the electrodes, if no jclK 
is used must be immened m a tconu 
saturated salt solution, and the mu'^clcs 
should be relaxed as m sleep 

5 Shaking of the apparatus (from the 
slam of a door, the passage of a heaiih 
loaded truck in front of the budding in which theelectrocardiogram 
is being taken) can also alter the electrocardiogram (Fig 10a) 

EINTMOVEN’S TRIANGLE 

The electrocardiogram which is recorded from a patient m the 
three leads is produced by one and the same eient, the activation 



1 1<. 10«--<i Defomia 

lion of the electro 
cartliogram from exter 
nal rest 

lovsness of the patient 
(h) altematmpciirrenta 
nnU muscle tromor 
(d) 



BINTHOVEN'S TRIA^'OLE 27 

and recovery proccs'i m the heart Figuratively this event is 
observed from thiec standpoints When the heart — tlie organ 
providing the electrical potentlaIj» — is altered m any vay, these 
changes are expressed in a definite manner in the throe leads 
According to the location am! the extent of the alterations m the 
excitation process, the 3 ’ aviH be ntore evident in one or another of the 
leads But since the same event is investigated in all leads, it may 
be anticipated that definite relations will exist between the three 
leads jn regard to tlie nmpbtiide and the form of tlie waves 

This relationship was discovered bj' Einthoxen, and is expressed 
bj the simple equation Lead II = Lead I + Lead III 

If Leads I and III are siiniiUaneoiislj recorded with an appro 
priate apparatus (double string galvanometer),^ see Fig 35, one 
can reconstruct Lead II from the aJffebrntc sum of the wa\es of 
Leads 1 and III If there is a positive P-wave ui Lead I and an 
oqualli negative P-w-avo in Lead III, the Pivavo maj- be absent 
m Lead II (see Fig 8, first curxo on the left) If a medium sized 
R wa\e exists in Leads I and in, the R wave as the exact sura of 
Rj and R, is higliest in Load II A glance at the electrocardiograms 
depicted m this book ami shown with the three leads will confirm 
the validity of this rule An exact reconstniction of Lead II ix 
possible oiilj when Leads I and 111 are recorded sirt>uUaneou.eIy, 
since onij under these circumstances tan the summation of each 
phase of the initial and terminal deflections be performed At 
timex the initial deflection rises from the baseline Inter m one lead 
than in another so that one cannot simply summatc the apices 
of the R- or S-waves An R-wavo m one lead may correspond 
to an S-wave in another, etc 

The mathematical proof for this rule was furnished by Einthoven 
The electrocardiogram is recorded from the extremities , but this 
furnishes only the difference of potential which exists at those areas 
of the trunk of the body from which the extremities depart When 
the electrode is placed on the right arm, the same electrocardiogram 
is obtained ns from tlie right shoulder The arm is merely the con 
ducting medium winch, like a wire carries the current to the 
apparatus If the areas at winch the right and left arms as well as the 
left leg arise from the trunk aie connected with each other, approxi- 
rantelj an eqmlateral triangle is obtamed (Fig 11) Let us assume 
that the direction of the spread of excitation (the electrical axis) 

> For experiments of this kind the amplifying electrocardiograph is better than 
the string gahanometer because in the latter one lead influences the forru of the 
other 
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forms a defimte angle Anth the homontal and furthermore that the 
potential formed in the heart at a given moment has a defimte value 
represented bj the Ime t A definite portion of this potential l>o 
measured in the three leads Tlie amount is obtained if perpen* 
diculais are draim from the end points of the line e to the tliree line.s 
of derivation Sreasurement actually demonstrates that the 
projection of e on Lead II is equal to the sum of the projections on 
I/jads I and HI (e, = «! + ej) 

If the (hreeUon of the electrical atis changes, alterations mime 
diatelj appear in the different leads e\en %shen the potentials of the 
heart (e) remain the ^amo From the triangular diagram one can 



deduce all of the possibilities met with in actual practice With an 
almost perpendicular position of the cardiac axis, the projection on 1 
Ls small (Fig lib) and it mil be shoivn later (p 42) that in tins case 
the initial deflection m Lend I actually appears >ery small Like 
uLse when the angle formed between the electrical axis and the 
horizontal approximates 30 degrees the projection on Lead III is 
\er> small (Fig He) With still smaller angles a reversal of tlio 
direction of the deflection will be found (Fig Ud) 

Apart from these geometneal proofs there are also exact cal- 
culations winch need not be cited here since they ha\e no practical 
significance They max be read m nn^ of the larger text books of 
pin siologj 
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If an iron plate is cut in the shape of an equilaUral triangle and if m 
tlie approximate centre of the triangle electrical potentials of a definite 
size and direction are produced and the potentials are led off from the 
three apices then the correctness of tmthovens rule can be expcri 
mentally proien The same proof can be obtainetl in evpcnnients on 
tlie cada\er (Fahr and Weber) 

There are small insignificant exceptions to the rule of Einthov en 
Its practical importance consists m the fact that it leadilj permits 
one to decide whether or not the tracings are correctly marked 
Errors may occur n)ien fragments cut out of tlie three leads arc 
pasted on a card to form a permanent reconl The leads are correctly 
marked when they approMniatelj agree with Einthoxens rule 
namely tliat Lead II corresiionds to the algebraic sum of Leads I 
and in 

JfETHOD OF ANALYSIS OF THE ELECTROCARDIOGRAM 

In overi description or mtcrpretation of an electrocardiognm it 
IS recommended that one pursues the follow lug method enabling one 
to become accustomed to report the individual recognizable points 
in electrocardiographic traemgs m a definite sequence , thus no 
points are overlooked and the diagnosis is facilitated 

1 The rh>tlim of the heart A distinction is made between 
rhythmic arrhjthmic and allorhythmic cardiac activity An 
arrhythmia exists when the ventricle beats entirely irregularl) 
an allorhythmia w hen anotlier rhythm replaces tlie regular rh> tlim 
that IS an arrhythmia is regularly repeated (for example bigeimnv 
continuous 3 2 block etc ) 

2 The rate of the heart This should bo calculated according 
to the method given (p 01), often the beginner is deccued by casual 
inspection 

3 The form of the P waves in all leads (naturally one nlwa\s 
begins w ith Lead I) 

4 The length of the conduction tune (from the begxnmwj of tiie 
flurieular wave to the beginning of the ventricular de/iection) 

u The types of waves m the initial deflection whether a Q an 
R or S IS seen m the different leads and the amplitude (approMinatel} ) 
of these w aves 

6 The shape of the waves (whether split thickened or notched) 

7 The S-T interval and the T wave These two sections of 
the electrocardiogram are usefully considered together because often 
they cannot be differentiated and in many coses show simultaneous 
and similarlv directed alterations 

8 Summarization and diagnosis 
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An example of a complete anal^^is of a tracing ma^ l>e guen 
for Fig 5 A regular normal (smtis)rhj'thm 13 present ThePnaies 
are positive in all leads and slightly split Tlie conduction time 
{best measured in Lead U) amounts to 0 15 -jecond The initial 
deflection shows a high Rwave m all leads m Leads I and II a 
short Q and S are also seen The imtial deflection is 0 07 second 
in indth and the waves are neither split nor tluckened The S-T 
segment lies at the isoelectric line in all leads the 1 wa\es of 
Leads I and II are upright m Lead III the T waies are ulino t 
invisible 

There is no evidence of mjocardial disease The atypical 
T waae in Lead III appears quite often m the healthy mdividual 

RESPIRATORY ARRHYTHMIA 

The heart of the healthy indmdital does not beat quite regularh 
The centre of stimulus formation in the sinus node the normal 
pacemaker w contmuallj under tlic influence of the ©xtracartUac 
nerves ^ anations m the tonus of the&e nenes bv wai of reflexes 
contmualli lead to alterations m the cardme rhythm of healthy 
persons although they are ly uig perfecth quiet 

The most important and frequent form of emus arrhythmia J 
13 the respiratory arrhythmia It is most marked and very regularlv 
present in children and young indinduals but it also occurs in 
people of advanced age It mat be discussed at this juncture 
since it belongs to some extent to the normal electrocardiogram 

Often the respiratory arrhythmia actualh is regartled as evidence 
of a healthy heart (Mackenzie) but this is certainly incorrect It 
may be encountered in a patient with a mitral or aortic valve lesion 
os well as in severe atheromatosis or coronary sclerosis Occasion 
ally it IS pronounced eien in a case of coronary thrombasis But it 
always lanishes when the least decompensation appears and as 
soon as the reserve power of the heart is exhausted The tlecom 
pensated heart beats as reQularly as a clocL as long as a normal svivs 
rhythm exists In other words the respiratory arrhythmia does not 
indicate that the heart under investigation ls healthy Like deeoni 
pensation physical exertion and the ehmination of vagus action by 
atropine also abolishes the respiratory nrrhy'thmui It is an interest 
mg fact that it can be remoxed by any mental exertion eien by 
workmganeasy mathematical problem 

* OtherrormsofBmu3aiTh>t!inia fore*anipl?» nu4tachl card a (inda nus block 

w ill be considered in appropr ate sectiona 
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ihe gi-eat practical significance of tl e respiratory arrhythmia 
consists in the fact that it show a that the heart w orks w ithout effort 
m the beaten track (Wenckebach) A heart 
wlucli contracts with perfect regulantj during 
complete rest or deepened respiration is susp'ct 
from the start 

As a rule in respiratory arrhythmia there is an 
acceleration of the heart in inspiration and a slowing 
during expiration Since the change in rate may 
lag somewhat uftei the conesponding respiratory 
phase occasionally tiiere are smaU eliifte At times 
the arrhythmia may become very marked since 
the rate may become twice as fast at tlie Jieight 
of inspiration as in expiration Not rarely during 
the examination of these patients physicians are 
disquieted by the arrhythmia and assume the 
presence of a serious disease But if these patients 
stop breathing for a moment the arrhythmia 
aanishes completely so that the correct diagnosis 
can be made without an olectrocanUogram Tlie 
respiratory arrhythmia is extremely marked m the 
dog which has a high aagus tonus (dog pulse) 

Sometimes the arrhythmia is so slight in man that 
It can be found only upon measurement of the 
tracing 

The electrocardiogram of a patient with respira 
tory arrhythmia shows a periodic acceleration and 
slowing of the heart w ithout other alterations 

Tig 12 shows a respiratory arrhythmia in 
a hoalthv individual during slow deep respiration 
The slowing — in the middle of the tracing — com 
cides m time w ith the beginning of expiration In 
inspiration the rate is approximately doubled 

Tlie respiratory arrliythmia is certainly depen 
dent upon, the vagus According to E Hering 
it is produced by a periodic increase and decrease 
of vagal tonus arising from the pulmonary branches 
of the \agus Acconbng to other nows it concerns 
impulses w Inch xiroceed to the a agus centre directly 
from the respiratory centre (C Heyonans) rxpenmenta! dencra a 
tioii of the aaso sensory zones in the aorta and the carotid sinus 
causes the respiratory arrhythmia to vamsh 
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Marked respirator}' arrhythmia is found at tunes during con- 
valescence from infectious diseases and in compensated cases of 
coronary sclerosis and atheromatosis, occasionally also following 
coronary thrombosis 

In sinus arrhythmias which are not induced by respiration the 
suspicion IS jiistihed that an organic disease of the sinus node exists 
(«!ee p 29Q) 
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THE ALTERATIONS OF THE FORM OF THE 
VENTRICULAR COMPLEX AND THEIR 
SIGNIFICANCE 


THE EFFECT OF CARDIAC POSITION ON THE 
ELECTROCARDIOGRAM 

Electrocardiographic Changes due to Respiration 

In junnj' normal persons ponodic varmtions in the form of the 
naves may be seen simultaneous vwtli a respiratory arrhythmia 
but also inilependeiit of it Tlio P waves may grow larger, eroalJor, 
ovon vanish or become tnv orted Tho w aves of the initial deflections 
maj rhango in ainpUtudo, some new waves appear and others 
vanish LU^owiso a positive T wave may become periodically larger 
or smaller with rc8])iratioii and may ovon become inverted m 
Load III Any of those alterations arc most evident m Load III, 
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hut they are often at least indicated ui other loads As soon ns the 
pntiont stops breathing, tho eloctrocardiogram remains unchanged 
in the respiratory pliase to wJuch it Ijclongs 

Fig 13 illustrates the alterations of the form of the initial deflec 
tion ilependonfc upon hreatlirng Tho tracing above tho electro- 
cardiogram records respiration In inspiration (upward excursion 
of tho respiratory curve) tho initial deflections become smaller, in 
expiration larger Tlie highest R-waves appear at the respiratory 
jiause SligJit respirntoiy arrhythmia also is present (see Fig 35) 
These modifications in tho form of tho electrocanliogram aro the 
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result of changes in cardiac position due to movement of the 
diapliragm During respiration the heart is more or less displaced 
and undergoes a sbght rotation around its axis In inspiration the 
rotation is usually clockuose in expiration counter clockivuso This 
rotation is the mam reason for the changes in the u aa e form described 
Endeaaours haae repeatedly been made to asenbo to patho 
logical changes these alterations m the form of the electrocardio 
gram uhich are the result of respiration however no proof has 
been advanced to substantiate this interpretation 

There are cases in which even extreme alterations in the position 
of the diaphragm or diaphccment of the heart bj an effusion fail 
to have anj marked influence on the electrocardiogram m these 
instances no rotation of the heart around its axis butsimplv a lateral 
displacement had occurred The position of the heart m the thorax 
(constitutional factors) also affects the extent of alterations of the 
electrocardiogram in respiration I\hile these modifications have 
no practical significance knoivledgo of their occurrence is miportant 
since othennse thej maj be mistaken for pathological processes 
Reference will be made subsequently (see p 67) to the fact that a 
change of position of the heart oven in the healthj individual 
may suffice for the appearance of an mierfed T wa\e and a deep 
Q wave m Lead III (Figs 3o 43) These problems are discussed 
under appropnate headings 

If the diaphragm 18 rerj elevated the P waves initial deflections 
and the T waves ma;) be inverted in Lead III (Bland and Wute) 
However the diagnosis of an elevated diaphragm should never bo 
made from the electrocardiogram alone 

The Electrocardiogram in Dextrocardia 
In the registration of the electrocardiogram one must alwajs bo 
sure that electrodes assigned to » given extremity aro correctly 
applied to that extremity If an error is made in the registration of 
Lead I bj interchanging the electrodes mtendetl for the right 
and left arms in accordance with the ampero rule inverted deflcc 
tions are obtained smee the current flows tlirough the apparatus m 
the reverse direction Therefore the P waves the initial deflections 
and the T waves are directetl downward Such an electro 
cardiogram is the mirror image of the normal 

It IS exactly this t 3 ’pc of electrocardiogram that is obtained m 
Lead I in cases of dextrocardia In this condition contrarj to the 
normal relations the right electrode w nearest to the canliac apex 
and the loft nearest to the base of tho heart In otlier wonls if all 
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the mam dofloctionB are m\er(cd m Lead I, at first one might 
^\eII behove that tlio electrodes liad been incorrectly applied 
If this has not liappened, the existence of situs tnisrsus may 
bo assumed Since m dextrocardia (with or without situs iniersus) 
the base of the heart is still eranmd and the apex remains doimu ard, 
the longitudinal leads are sumewliat modified but not in a perfect 
mirror like manner , Lead I atone presents the cliaractenstic 
picture If the heart is otherwise normal, in dextrocardia the largest 
deflections are found in Lead III 

Fig 14 was obtained from a healthy youth in y\hom situs iniersus 
lotahs existed All of the mam deflections are inverted in Lead I 
Tlie normal R ivavo is eonverteil into & rleep Q, the normal S nave 
corresponds to a low R No characteristic alterations are apparent 
in Leads II and III In the electrocanhogram reproduced the 
P waves are also imerted m Leads II and IIT and the Twave is 
absent in I^ead II However, these two leads (H and III) not rarely 



Fio 14 Elcctro<-Qn]iO{;ram m » casc of «tlu» tnver»M« 


are essentially normal While deviations from the normal orchnanlj 
are most common in Lead III in dextrocardia they are found in 
Lead II 

Naturally the electrocardiogram jnst dcscrilicd is obtained m a 
pure form only when the hciart is healthy, save for the dextrocardia 
Obviously the elcctroc-ardiogram can show oxtoiisivo alterations as 
the result of cardiac (hsease Displacement of the heart towards 
the right displacement from tumour effusion or cicatncos (ilextro 
fnpixi'nx cunAv)' loexvir reswVAr OT f/fff mvaAi^rAvTiTr nhscvrAwi’ Srr nVv Aoy 
<anha, for this rcison the clectrocarthogram can facilitate the 
difforontiation m iloubtful cases 

The Electrocardiographic Alterations m the Lateral Position and m 
MediastmO'perlcarditis 

As a rule the electrocanhogram also undergoes very distinct 
alterations w hen the patient o^umes a lateral position In chang 
ing from the right to the left lateral position the cardiac apex 
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miy mo\e ibout 5 cm simultaneously with this movement slight 
rotation of the heart occurs as the result of the fixation of the 
b'»*'al portion of the heart and owing to the convexity of the clia 
phragm It is evident from the preceding discussion that this 
rotation is mainly responsible for the alterations of the electro 
cardiogram 

If the electrocardiogram of a healthy mdividual is rcconlcd in 
the recumbent and m the right and left lateral positions alterations 
of the ^entncular complexes are sometimes most clearlv seen in 
Lead I and in other cases in Lead HI 

Fig lu demonstrates the changes m the electrocardiogram of a 
normal individual By turmng from the right to the left lateral 


a.iMc l.>ldc 



Fic la Aiterst on of the electrocard ogram in a health) ind mJixbI in 
the lateral pos t on The three Icadu are shown under each other 


position the R waves become smaller and the S waves deeper 
m Lead I Tlie imtial and terminal deflections m Lend III 
are altered more distuictlv (the three leads are placed under one 
another) 

If the heart is fixed by incthastina! adhesions and its mob hly 
thus abohshed tbe same electrocardiogram is transcribed m eaili 
position (Dieuaide) Tlie absence of rotation again i-» responsible At 
times X ray studies demonstrate that some degree of mobilitv exists 
although the electrocardiogram indicates a fixation in this instance 
it mav be assumed that the heart undergoes a lateral displacement 
without rotation 

Fig IG IS a reproduction of the electrocardiogram of a patient 
with adliesive mediastmo pericarditis and sliovv3 that no tliange 
occurs in the different positions Rotation of the heart is aboli'hed 
The three leads are placed alongside of each other , the upper 
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cJcctrocardiogr.im registered m the right lateral position, the 
centre in tlio recumbent, and the lower in the left lateral 


position 

The test is not applicable when the heart is greatly enlarged since 
the increase m size hmits the mobihty of the organ 

IVhen concrelto cotrlis is not ac«)mpanied by demonstrable 
cardiac alterations, the discovery by electrocardiograms recorded in 
lateral positions of fixation of the heart may be valuable The 
positive result alone is important 

In cases of adliesixo pericarditis the QKS complexes and 


T-wa\es are often very small 
(P. D White) 

SMALL DEFLECTIONS IN 
THE ELECTROCARDIO- 
GRAM 



Evorj wave of the 
olectrocarcliogram develops 
through the summation of 
numerous potentials which 
are formed during the activa- 
tion of the several parts of the 
heart The P-wave develops 
from potentials formed m 
the right and loft auncics, 
the QUS complex and 
T w ave from summation of 



Fio 10 Flc^troeanliopram in atUiesive 
pencaniitiA The electroi^rdiogram does 
not change nt all ileapito cliange of position 
((ho throo toH(L> arc shown atongsido of 
oacii other) 


the right and loft ventricular potentiah Since the 2 >otentials arc 
often directed m opposite directions, the algebraic sum at time< 
yields very small values so that the resultmg QRS complex or the 
P-wave maj bo very small 

To call an excursion small, oiio must specify the lower limit 
of normal height These limits are necessarily arbitrary, and quite 
often there are differences of opinion as to whether or not m a 
particular case tlio excursion should be classified “ small ” In the 
opinion of some investigators an mitial deflection can he designated 
as low when it does not exceed a height of 5 mm above or below 
the isoelectnc line when recorded with apparatus standardized at 
normal sensitivity Others regard 6 mm ns the limit 

Not rarely small excursions occur as the result of technical 
errors and cause serious mistake Tlius, an undercharged storage 
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battery maj result in small excursions , carolcssi} applied electroiles 
may also markedly reduce tbo excursions in the electrocardiogram 


Small Excursions in One Lead 

Small excursions m only one lead liave no practical significance 
This occurs xery often in Lead II, when the direction of the initial 
deflections in Leads I and III arc opposite, for, according to 
Emtho\ en ’s rule Lead II is the sum of Lead-s I and III If a patient 
has a positive P wave in Lead I and an equally large negative 
P wave in Lead III, the P wave m Lead II mil be very small or 
absent The same holds for the other waves (see Fig 7) 

If the cardiac axis is more vertical (pendant heart, dropped 
heart, enteroptosis) tlie projection on Lead 1 jnclds almost a point, as 
indicated in Fig lib As would be expected, verj' small waves arc 
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found in Lead I in the conditions mentioned, vriitle the waves clo'^ely 
resemble each other in Leads II and III 

However the diagnosis of “dropped heart” should never bo 
made solely on the basis of small excursions in Lead I since the same 
electrocardiogram also appears for other reasons m patients whose 
diaplmngm is normal m position (very often m mcipieut Jiypcrtropliv 
of the nght heart) (Flaum and Nagel) Initial deflections of thus tj pe 
are not uncommon in mitral stenosis 

Fig 17 was recorded m an ovtcoinelj tall twenty one jear old 
male with a long narrow thorax, low diaphrigm and a dropped lioart. 
Tlie ventricular complex in Lead I is very small, while the olcctro- 
cardiogr«am is normal m Leads II and III In accordance with 
Einthoven’s rule the waves of the latter two leads appear verv 
similar 

If owing to a high diaphragm the transverse position of the 
heart attain’’ a certain degree, the excursion’’ in Lead III are very 
small (Fig 11c) and the main deflections in Leads I and II are 
almost identical (Fig 114) 
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Small Excursions in All Leads 

Tlio amplittide of tho electrocartliographic avivch depends not 
only upon tho condition of the heart, but also upon its position, and 
finally upon extracardiac factors such as the condition of the skin 
and of tho tissues surrounding the heart Very ]o« voltage without 
other alterations may occasionally be found in entirely normal 
subjects (F N Wilson) 

(n) Pericardial Effusion A \ery marked reduction in the size of 
all WINGS of the electrocardiogram ( low voltage ) is found when 



Jig 18a-« The upper senes of (rscinir* ehows tho electrocardiogram m 
a pericardial effusion an I tho mid lie after the removal of 500 c e of 
fluid fl e lower senes are tho electtwardiogrannf hiring thoaJ ‘•orptioii 
of the effu ion 

effusion has occurred into the pcncartlial ea\itv (Oppcnheiiner and 
Sfann, Scherf) 

Fig I8a shows tho eloctrocardiognm of a patient wnth a large 
pericardial effusion The electrocardiogram shows that the smaller 
wa\es (P and T waves) have disappeared entirely and the QRS 
complexes are very low 

Fig 18b reproduces the electrocardiogram of the same patient 
immediately after a pericardial paracentesis by u hich 500 c c of 
serous fluid ttcre removed Althoiigfi a considerable amount of 
fluid remained all the deflections of the electrocardiogram have 
regained their normal amphtudes Tho T w aves are negative Some 
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time later (after complete dL'S'ippearance of the effusion) the electro 
cardiogram T\as normal (Fig 18c) 

This situation is ascnbed to tho fact that the mantle of hquid 
■« Inch surrounds the heart short circuits the action currents so that 
only small potentials are mtereepted at tho surface of tho body 
The same alterations can he experimentally produced if normal salt 
solution os mjected into the pericardial canty m this instance tho 
artificial effusion is very small since the normal pericardium cannot 
be stretched The low \ oltage \ anishes u hen the effusion is removed 
by therapeutic measures 

The reduction of the amphtude of the excursions is not found in 
e\ ery case of pericardial effusion For example it may bo nhcent 
when the heart is not entirely surrounded by a mantle of fluid and 
alien m some areas the heart is adherent to the pericardium and to 
the surrounding tissues Alterations of tho S T segment'* and the 
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Tuaves in acute pericarditis are described later (p 130) The 
small excuiBions m adliesiie pericarditis were mentioned on p 41 
(6) Myxoedema A thick dry poorly perfused skin docs not 
conduct currents as well as normal skm In my'xmdema tiie skm 
may be very thick and dry and a qmte charactenstze electrocardio 
gram may be obtamed The augmented skm resistance (Zondek) 
or the heightened capacity of tho skin are factors accounting for the 
modification of the electrocardiogram According to other oh ervers 
tho electrocardiogram of my'xoKleraa ls tho result of myxerdema 
tons sweUing of the myocardial fibres tho cartliac enlargement is 
also attributed by these authors to the same process 

In fully developed cases tho electrocardiogram shows an extreme 
reduction of tho amplitude of the waves Tlio reduction may 1 1 
such that the P or the T waves may become almost inxisiblo while 
the QRS complexes become small and plump and \ery often attain 
a height of only 2 3 mm to bo sure tho changes are not aluoys so 
extreme sometimes they aro absent 

The electrocardiogram of a case of my’xcDtlenia (in a child) is 
shown in Fig n The P and T waxes have practically vanisl ed 
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and the initial deflections scareelj attain the size of a P wave of a 
normal electrocardiogram 

When the entire symptomatic picture of mjxcedema is present, 
the electrocardiogram is of course unnecessary for diagnostic 
purposes Ne%ertheless in obscure cases when an obstinate head- 
ache, constipation anajmia or a rough voice suggest myxcedema, the 
electrocardiogram may proxide evidence of diagnostic importance 
If the patient is treated uitli preparations of thyroid, the electro 
cardiographic picture improves RimultaneoiLsly with the return of 
normal metabolism 

Proof of the fact that the skin alterations are, at least in part, 
responsible for the abnormal electrocardiogram can be furnished by 
the fact that if the skin is circumientedby means of needle electrodes 



I'lO SOaandb (ig ids (abo\o)show9tl o«| rtrocanOogramofinyxcDdoma 
recorded With standard leads Fig Subreproducra tiic tnicmgol tainod 
willi needle electrodes inserted b« <«th tho skin 


inserted subcutaneously into the proper extremities t normal 
electrocardiogram is obtamed (Nobel and Samet) 

In Fig 20a (upper tracing) taken from a seventeen year old girl 
suffermg from myxcedema the P and T naves are remarkably 
small and the amplitude of the initial deflections is reduced in all 
leads despite normal sensitivity of the stnng 

Fig 20b was recorded fiom the same patient tlie electro 
cardiogram being recorded by means of needles inserted under 
the skin of the extremities The skin resistance %\ as avoided through 
the subcutaneous derivation and an approximately normal electro 
cardiogram was obtamed 

Recent in\ estigations tend to lefute the assumption that tho 
alterations of the skin are exclusively responsible for the abnormal 
electrocardiogram In this connexion it should be realized tliat the 
amplitudes of tlie waves in the electrocardiogram of a healtliy 
individual aic also greater if subcutaneous leads are employed With 
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the nse of tlie amphfying electrocardiograpli A\hidi measures 
potentials, one might expect that in mjxcBdema the excursions 
xiould not be reduced in size because m this instance the resistance 
of the skin does not aSect the electrocardiogram we have however 
on several occasions recorded very small excursions m patients 
mtli my'xa?demi despite tJie use of this of apparatus 

Gordon Freeman and recently Kaumtz have clinically obsened 
cases wluch are indisputably instances of mvxccdema in vilnch the 
enlarged heart owed its origm to a pencardial effusion It is 
possible that a pericardial effusion existed m many perhaps in all 
other cases described under the term large heart of myxeedema 
In tlie last tliree cases of nu xoedema with enlarged hearts per^onalh 
ob'serv ed this situation actually prev ailed \\ hile positiv e histological 
exndence provnng the existence of a myxeedematous alteration of 
the myocardium has not been reported the small excursions recorded 
also by amphfyang apparatus and the similarity of the electro 
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cardiograms in pencardial effusion and myxeedema uould find their 
explanation in an abnormality common to both 

In addition to low voltage m cases of hypotliyTOidwm 
abnormal or even inverted Tuaves may frequently bo seen m 
Leada I and II They may persist for some time even after the 
initial deflection has regamed its normal amphtude after treatment 
(c) Small Excursions in the Electrocardiograms of Decompensated 
Cardiac Patients Jtot rarefy small excursions are seen in severeh 
decompensated and cedematous cardiac patients they graduallr 
become larger as tlie circulation improves and the patient 
becomes dehydrated For a long time thus finding was difficult to 
understand for otherwose there is no parallelism lietween the 
contractile power of the heart and the size of the electrocardio 
graphic excursions in sev eroly dama^d hearts 

However the extracardiac factors mentioned above can decrease 
the amplitude of the waves in the electrocardiograms of decom 
pensated patients The dry thickened ekm of patients w ith chronic 
cedema in conjunction wath a liydropencardium can result in small 
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excursions It is also probable that the difficulty encountered in 
obtaining o fcctal electrocardiogram when the electrodes are applied 
to the sacrum and loiver abdomen of a pregnant woman is a result 
of the fact that the foetus is to a certain extent electncallj 
insulated ” from the utcnis b> the ainniotic fluid 

(d) Small Excursions m Myocardial Diseases Finally ver} snull 
deflections (particularly small QRS complexes) arc recorded in many 
pat lents with severe mj otardial ihseases for example as the result 
of coronary thrombosis or diphtlicna The cause of the reduction 
of amplitude ls stiU unexplained Often the small excursions are 
not accompaiued by any widening or splintering of the imtial 
deflection and only occasionally are they associated with an altera 
tion of the terminal deflection Moreoxer this reduction of amplitude 
has nothing to do with a diminution of contractility 

Fig 21 w as obtained from a patient w bo had surviv ed a coronarj 
thrombosis one year before From a clinical standpoint the patient 
had recovered completely The electrocardiogram bhow s normal P 
andT-waxea, buttheimtial deflcctionsareronmrkably low (seep S8) 

THE ELECTROCARDIOGRAM OF BUNDLE-BRANCH BLOCK 

Bundle branch block represents a definite form of disturbance 
of xntTOitntrxcular condacttoii which, for didactic reasons, should be 
discussed at this juncture. 

Until recently tlie presentation of this di'sturbance was a 
relatn ely simple matter since experimental m\ estigation and clinical 
experience yielded seemingK concurnng results However, iii tlie 
recent past the bundle branch block problem has been unfolded 
by new investigations, especially by ^^llson and his co workers 
Justified arguments hax e been advanced against the x aluhty of the 
old doctrine of bundle brancJi block , the localization of the disturb- 
ance in the heart wluchfor tirenty years seemed establisiied m accord 
ance with the old conception lias lieen the subject of control ersy , 
new forms of electrocarthograms producetl by block of a bundle 
branch have been described Since many still do not regard the new 
nomenclature and new conception as completely established and 
retain the old tenninology, considerable confusion prexails 

Although the authors consider the objections wlueh have been 
raised against the old theory as perfectly* justified, they aie not 
inclined to regard the problem as completely solved at the present 
time For this reason it seems proper to pre‘«nt at first the old 
classical theory, then to contrast it with the new conception and 
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Bnally cntically to discuss the arguments for and against e'lch 
viewpoint • 

Classlca! Description 

The normal ventncular electroeanliogram de\elops from the 
summation of potentials furnished by the right and the left ^ entncle 
Accordingly the normal ventricular electrocarthogram is called a 
bicardiogram and develops from a de\tro and levocardiogram 
(Lewis) The potentials of the tuo halves of the heart are entirely 
different from each other as might be anticipated from the position 
and the anatomical structure of the two ventncles 

Under morbid conditions it often happens that the pathological 
process involves one ventricle predominately or exclusively so tint 
the potentials provided by it are changed in respect to their different 
qualities This results in a distinct and definite alteration of the 
form of the electrocardiogram To appreciate and to understand 
these abnormal electrocardiograms it is important to become familiar 
u ith the electrocardiogram of the right a entriclo (dextrocardiogrum) 
and the electrocardiogram of tho left ventncio (leiocardiogrom) 

This is not easy even in animal experiments, because one ven 
tncle cannot be completely excluded ui order to study the potentials 
of the other 

But there is one disturbance in 'ninch, at least for a few 
hundredths of a second only one ventricle is activated ami thus tho 
potentials of only one ventricle are first recorded in the electro 
cardiogram If, for example, the right bundle branch is xo severely 
injured by a pathological process that it can no longer conduct (the 
interruption of conduction is called a “ block ”), the sole direct path 
to the right ventricle is interrupted At first the excitation reaches 
tho left ventncle in a normal way and only afterwards reaches the 
right ventricle through the common muscle and the septum 
Since in these circumstances, tntlialii/ the potentials of the left 
ventncle alone appear m tlie electrocardiogram, it is possible to 
study the waves of the levocardiogram As the result of tins 
disturbance of the spread of excitation still further changes 
appear in the electrocardiogram which will be subsequently 
mentioned 

The signs of a block of the rtffhi bundle branc li (classical nomen 
clature) are — 

1 The ‘ left ’ form of tlie ventncular electrocardiogram, the 
levocardiogram develops through an excitation at first, exoluxiveh 
limited to the left ventncle Measurements (on the dog heart) have 
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sliomi that o^\lng to tho lilot-k of tho nglit huiidle brancli tho light 
vontnclo is activ atcd 0 03-0 04 second later than normal Since 
the left \ontncle is netnated normally through the intact left 
bundle branch for 0 01-0 04 second the QRb complex is formed 
onl^ bj tlie excitation of the left \cntncle The lovocardiogram can 
be recognized by tlio fact that in Lead I a high R uaxo remains (as 
normal) uhereas m Lead III a small R un\e is followed bj n deep 
S w-xva (Figs 22 and 23) It should be emphasized tliat the occur 
rence of thC'C Max es in tho levocarrliogram in man depends upon the 
normal anatomical structure and position of the left \ontncle in 
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most animals used in expenments even in apes an entirely difTerent 
is encountered as the result of anatomical pecu 
hantios Lead 11, as the sum of Leads I and III depends upon the 
form of these leads and is not clniacteristic 

2 Normally the ventricles receue the excitation almost gimul 
taneously in then various sections Large potentials develop \erj 
suddenly in the heart and immediately nftervards thej are 
neutralized and vamsh The QRS complex is completed in a feu 
Imndrcdths of n second But in bundle branch block at first one 
X entncle and then the other is activated , this sequence of excitation 
of the tuo ventricles and the slouor conduction through the 
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common muscle must result m a corresponding increase m uidth of 
the QRS complex At times in bundle brancli block the initial 
deflection maj measure only 0 10 second Since in bundle branch 
block the heart is usuall> abnormal m other respects additional 
factors still to be considered, ate present \vhich produce wdening 
of the initial complexes therefore, m a majontj of cases the QRS 
complex is wider than 0 12 second and often exceeds 0 IG second 
Figs 22 and 23 show three different electrocardiograms of this 
tjTie of bundle branch block In all three curves a marked wjdenmg 
of the initial deflection is apparent In Fig 22a it amounts to 
0 14 in Fig 22b to 0 15 second In Fig 23 the initial deflection u 
0 16 second in width Moreover 
a Ie\ ocartliogram exists in all of 
these cases and is particularly 
distinct m Fig 22a and Fig 22b 
In clinical and expcnmcntal 
tracings of bundle branch block 
a small wa\e which appears 
normal (see Fig 23 in Leads 11 
and ni) IS frequently followed bt 
a markedly widened one This 
widening can appear abrupth 
and show a step like formation 
(S step according to Rothberger, 
Pines) 

3 The excitation is nomialh 
conducted through the ventricles 
with such velocity and the 
activation is completed so 
rapidly that the normal initial 
deflection consists mainlv of slender, delicate waves In 
bundle branch block on the other hand the activation of one 
ventricle comes ajlcr that of the other the stimulus reaching the 
ventricle whose bundle branch is blocked not through the specific 
ti'^sue but for the most iKvrt through the xentncular muscle which 
conducts more slowly Owing to this abnormal spread of excitation 
and to the gradual successive spicad into new areas of imistlc 
thickening (sliirrmg) notching and splmtenng of the initial deflec 
tions occur if the ventricular substance is otherwise healtliy, the 
changes mav not always be verv marked (bundle branch block in 
animal expenments after section of one branch) If, however, the 
myocardium is poor or if the smaller branches of the }unctioual 
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fibres «re also a/Tectc<l, cxtraine thickening and splintering of the 
initial deflections may be obser\ ed 

In Figs 22 and 23 splintering, thickening and notcliing of the 
initial deflection may be seen m all the tracings and leads 

4 The S-T interval and the T wave are greatly modified 
Normally, after the QRS complex \ section of ^a^lable length the 
S-1 segment, oeetirs m the isoelectric line and is followed by i 
positue T wn\e Ihe S-T segment owes its origin to the fact that 
for a short time after the acti\ ation of both ventricles the potentials 
are balanced If howe\er, there is a block of the right bundle 
branch, the excitation reaches the left ventricle first and the right 
ventricle is affected subsequently the activation process has hardly 
ended on the right side when reco\ery begins m the left ventricle In 
other words, the heart has no {icnod of rest and there is no hon 
zontal zero line after the initial deflection the terminal deflection 
begins immediately at the end of the initial deflection Therefore 
itsfonn IS mahjial in n typical ioaij tn that the terminal deflection is 
aUoays directed opposite to the main teare of the tmhal deflection 
For this reason, in a block of the right bundle branch an S-T segment 
depressed below the zero line as well as an inverted T wave is found 
m Lead I and an S-T segment displaced above the isoelectnc Ime 
with a positive T wave is noted m Lead III Moreover, since the 
S-T interval merges w ith the T wave, the S-T and the T w ave 
cannot, as a rule, be distinguished from one another, or such 
ibstinction is possible only with diflicully 

The alteration of tlie terminal deflection is also the result of the 
excitation of the two ventncles taking piece sucoessiiely and not snnul 
taneously, as is the case in the normal heart In block of a bundle 
liriincli jtiat as we register for a time at least, the initial deflection of 
only one ventricle so the terminal deflection at least its final segment 
IS produced by the recovery of only one ventricle (WLson and Herrmann) 
In the normal electrocardiogram, ahigh R wa\e la followed by an upright 
Twavo, the initial and terminal deflections thus having the same 
direction This is the result of the fact t/iftf the r waves, fiile the wavesr 
of the initial deflection develop through the summation of opiiositely 
directed potentials of both sentneJes Normally, positive values pre 
dominate mthe sum But if one \entnclo w excited after the other, the 
initial and terminal deflections of tlie ventncular complexes have oppo 
Bite directions In the discussion of the electrogram of a simple muscle 
8tnp(p 2 ) it was stated that the waveofrecoverj is opposite in direction 
to the wa\e of activation (Fig 2) 

If a block exists in the left bundle branch, the nght ventncle 
13 excited first and a dextrocardiogram is registered bj the electro 
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cardiograph Tins may be recognized hy the fact (hat lie tjiihal 
defiecUon shmes a deep Stcaie tn Lead 1 and a high i? irate m 
Lead 111 that is the direction of the waves is the reverse of tint of 
a levocardiogram The widening thickening and notchmg of the 
initial deflection are also prc'sent In other words if m a right 
b\mdle branch block Leads I and III were mterchanged one would 
obtain the electrocardiographic picture of a left 1 undle branch block 
(classical nomenclature) 

Fig 24 shows an electrocardiogram of this type The uiitrnl 
complexes in I^ead I exhibit a short Rwa\e followed bj a deep 
Swaie and in Lead III a high Rwave is pieceded bv a short 



Fig ■} Dandle branch block 

Q wave The imtial complexes are widened to 0 14 second the 
wa% es are somewhat thickened and notched The tcrmmal deflec 
tions (S-T inteiaal and T wave) are opiwnte in direction to tie 
mam deflection 

This picture of left bundle brancli block (classical nomenclature) 
however is rare it is in fact niucli Io«s usual than the picture 
of right bundle branch block desenbed above An explanation for 
this difference is provided bj anatomical considerations For a 
considerable distance the nght bundle branch remains a small 
undivided bundle and js thus more ea*:di intemiptcd in iota by a 
pathological process than the left bundle branch which rspidh 
spreads out like a fan Jloreover as a rule the left bundle branch 
IS nounshed ba two artenes (ansmgfrom the nght and left coronarj 
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ar(cnes) wiufo the ngUt bundle branch is usuallv supplied onlj bj 
tbo left coronary artery, which is much more frequently affected 
than the nght 

Very often tho ampbtwlo of tho wares of the imtial <le/leetimi 
(the “ largo excursions ”) is stated as a sign of bundle branch 
block If it IS true that tho normal electrocardiogram develops 
through tho summation of potentials of both aentncles and that 
these potentials arc usually oppositely directed and consequently 
partly nbohshe<l by summation, larger deflections ii onld have to be 
expected m cases of bundle branch block since at first only one 
ventricle tikes part m producing action turrents Tins is true 
in many cases However, tho factorh 
mentioned on p 43 often play a 
part and reduce the atuplitudo of the 
deflections and, sinco when patienla 
present bundle branch block the heart 
13 often severely damaged in other 
respects, deflections of normal sire 
or oven relatively small cvcuwions 
may appear 

The description which has been 
given up to tins point presents tho 
classical picture of bundle branch 
block os it has been loiown since 
described by Ejipmger and Roth 
berger (1909), Carter and others 
But deviations from this classical 
picture at tunes occur Occasionally 
m bundle branch block tho direction 
of the chief excursions of tho initial complexes may bo the same 
m all leads, a common event m many animals used in experiments 
^\Tien confronted with such a situation it was recommended to 
make the diagnosis from Lead III, that is, with a deep S wave in 
Lead III, together with the other signs of a block, to assume a 
lesion of the right bundle branch (Rothberger) But objections 
to this interpretation have been raided and others assert that tho 
direction of the deflection in Lead I should be the guiding prmtiple 
(Wilson, C J Storm) Since adequate histological controls are not 
available a decision cannot be made with certainty, but the second 
proposal seems to possess greater support 

Pig 25 shows a bundle branch block with initial deflections 
which are all directed upwartl They arc 0 14 second m width 



Fio 25 Bundle branch block 
aleetrocardiopram with the 
iniluil (leflectiao^ d reeled up 
ward in all Icftdit 
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and splintered the terminal deflections are clepres'^ed deep I«Io\r 
the isoelectric line Acconling to the direction of the mnui dcflcc 
tion in Lead I one may assume the evistence of a block of tlie 
right bundle branch 

Great difficulties are presented by the fact that in cases of myocardml 
disease wtfAout a block of a mam stem of ike bundle elecirocardtograj kic 
pictures can be obtained whtch approximate those of bundle branch block 
(seep 88) It mil be shown later that a levocardiograra mdening 
of the initial deflections and alteration of the S-T inten ils and 
the T waves as m bundle branch block is possible without an 
interruption of conduction m the mam stem of a bundle branch 
and IS eien a frequent occurrence m cases of hypertension and 
coronary sclerosis In these cases it has often been assumed on 
the ha'iis of the electrocardiogram that a right bundle branch block 
existed although subsequent histological exammation failed to 
reveal any evidence of disease of this bundle branch as a matter 
of fact numerous foci maj be found ui the ramifications of the left 
bundle branch but no complete interruption of the entire branch 
18 present Myocardial diseases especially coronary sclerosis 
which 18 so common in the adult usually and chiefly aflcct the left 
ventricle so that such findings are comprehensible 

New Nomenclature 

Histological ev idence of miunes in the region of the ramifications 
of the left bundle branch has been found m cases which have showm 
the electrocardiogram of ngbt bundle branch block (Oppenheimer 
and Pardee) Moreover occasional observations on the appeannee 
of ventricular extrasystoles artificially produced in the human 
heart exposed at operation (Barker Mncleod and Alexander) and 
finally observations and calculations based on tracings rccordcfl m 
man and animal experiments have caused ^lilson and co workers 
to diagnose left bundle branch block where formerly right bundle 
branch block has been diagnosed and itce versd A new nomen 
clature of bundle brandi tracings Inas teuri m twAw-'k 

to the old classic'll termuiology There has been a transfer pcrhai s 
prematurely, of the results of nmnia! exiienmentation to man 
According to the new conception left bundle branch block would 
not be unusual on the contrary it would be a rather common 
occurrence Smee no cn ctal evidence for these new conception** 
has been advanced one opiraon is urged against another and great 
confusion exists Anatomical investigation" as far as thev have 
been reported by expencnced investigators have supportcil the 
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old nomenclaturo einco ca*?!*!, prefscnttng the electrotaichogram 
of ft right bundle branch block (according to the old classical 
nomenclature) fictualii )ia\o freqtienth <»how n a lesion in the right 
bundle branch (Kauf, Jliilmim) On the other hand the results 
of experiments on the localization of lentricnlar extnsastoles 
are definitely in fa\our of the new nomenclaturo {p 172) 
Unfortunateh onl> relati\eh few cases of bundle branch block 
have been carefully invcstigate<l from an anatomical standpoint 
so that conclusions rest upon uncertain ground Furthermore 
as mentioned earlier lesions are in 
most CTses found in both branches 
Fmall}, e\en if the histological exa 
mination docs not reveal anv patho 
logical change this docs not pro\e that 
during life the bundle branch was 
capable of normal conduction, since it is 
knoun that certain tj^ies of myocardial 
lesions exist inthout being demonstrable 
by the histological methods at present 
atnilable 

The new “ nomenclature proposed 
by the Wil«on school was accepted 
somewhat reluctantly since it implied 
that nght bundle branch block is rare 
while left bundle branch block is \ery 
common This assumption was not m 
accordance with anatomical facts which 
made it readily comprehensible why the 
right bundle branch can be more easily 
affected than the left 

However, Wilson and his co workers subsequently published 
tracings of two “unusual’ tyjtes of right bundle br inch block 
R'hich actuaHy sro not ^eiy rare aitd nfcich permit i« harmony 
with anatomical facts the diagnosis of light bundle branch block 
With appropriate frequency 

One of these types wall be disciisMjd on p iS An instmce of 
the other IS depicted in Fig 26 In tins tracing it will be observed 
that there is a low initial complex m Lead I md deep waves m 
Leads II and III In Lead I of this case the very low R wave is 
w ide splintered and is follow ed by a f>liort downw ard {lirected wave 
(S wave) In the second and third leads deep S waves are present 
The Width of tlio QRS complexes is about 0 16 second and the 



Fio 20 Unusual form of right 
htmdle branch block 
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finil deflection is directed opposite to the mam deflection On Die 
basis of precordnl leads these tracings are regarded bi ttilson is 
representative of a right bundle branch block Hoiicvtr if one 
compares the tracings of Fig 26 mtli those of Figs 22 and 23 no 
marked difference's will be observed 

In the chnic the electrocardiognphic dngnosis of bundle brancli 
block IS more difficult than in anima} expenmentation since in the 
former the situation is much more complicated In expenmenfs 
it IS easj to produce an isolated mtemiption of conduction in the 
right bundle branch But in the dime as the recent uucstigations 
of Mahaim have show n usually other foci of disease arc present iii 
addition to the mjurj of the right bundle branch and natunUh 
these exert a marked mfluence on the electrocardiogram The mo't 
common ca««e of bundle branch block w coronarj sclcro'us If an 
occlusion occurs m the descending ramus of the left coronnrj arterj 
which IS most frequently affected not onlj does the nght bundle 
branch suffer but the anterior part of the left bundle branch also par 
ticipates This must e\ert a decideil iniluencc on the progression of 
theexcitationand liken i« 0 on theappearance of the elecfrocardiognni 

Moreo^cr the direction and the size of the Ma\e8 is grcatlv 
affected bj the position of the heart (see p 28 and p J7) Jlielaws 
nhich have been established for the normal electrocardiogram nI«o 
hold for the electrocardiogram with disturbances of intraaentncular 
conduction Thus cases are known in which the picture of left 
bundle branch block appeared during inspiration and the feiturcs 
of nght bundle branch block occurred during expiration 
(Mintemitz) in other cases the change from the nght to the left 
lateral position alters the direction of the deflections m that in the 
right lateral position a right bundle branch blocl appears while 
in the left lateral position a left bundle branch block is evident 
(Kissm Ackerman and Katz) 

In Fig 27 the electrocardiographic signs of right bundle iinviuh 
block are exndent in Leails I and II However in Bead HI (he 
electrocardiogram displaj s the t> pical form onlj during inspiration 
in (normal) expiration an R wave which is neither widened nor 
notched appears m jilnce of the broadened and splmtcrcd S wave 

A final and very important difficulty is created m the diagnosis 
of bimdle branch block by the appraisal of the width of the 
mitial deflection The duration of normal initial deflections docs 
not as a rule exceed 0 08 second but m rare ca«cs it mav reach 
0 10 second The most do erso disease^ of themyocartUum without 
bundle branch block mav produce widening of the mitial deflection 
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to 0 00 0 10 second or more as mcII as an alteration m the terminal 
deflection similar to that of bundle branch block (an S-T segment 
and a T wave ^\lnch is iiomted in a direction opposite to the initial 
deflection) On the other hand several cases of bundle branch 
block confirmed by histological examination have been described 
in Mhicli the uiitial deflection did not exceed 0 10 second (indeed 
oven 0 09 second) (Mahaim) As a matter of fact the pure 
bundle branch block of animal expenments fails to di‘-clo'5e the 
marked degree of widening of the initial (omplev *50 frequently 
found in iiaticnts If the existence of bundle branch block were 
a'-sunicd in all curves di'ipJajnig a Jevooardiogniii initial defloc 


n 



Tia 27 Bundle branch block cicetrocard ogram ^ith marked altarat ona 
m thfl Ibnn of the tvntncutar complex d o to respiration (Lead III) 


tions measuring 0 10 second and oppoMtcly directed T wa\es this 
diagnosis w ould be too often made 

The initial deflection is usuallv wider m bundle branch block 
Often It 19 0 14-0 IG second indeed a width of 0 20 second has been 
obscr^ed But tins marl ed widening is partlj due apart from bundle 
branch block to the j^Tescnce of otlier foci of ibspa^e in the conduction 
path anti in the myocardium Lil ewase marked widening can certainly 
occur Without blockage of the mam bundle 

In view of these cUfficvUtes and with due regntd for the of 

our present knowledge tl seems adiisable tneiely to slate that a tracing 
shows ‘ bundle branch block type To this statement should be added 
the fact that it is the common or Ike imeommon ti/] e The common type 
of bundle branch block corresponds tortgkt bundle branch block according 
to the classical nomenclature or left bundle branch block according to the 
new terminology and ticc tersi Loeahration of the pathological 
process w ith certainty, the demonstration of whether the block exists 
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m the right or the left branch is, at preeent, iinpo-»sibIe even if jt i.* 
conceded that the splendid work of ^\ilson has advanced numerous 
and strong arguments to support his new termmologv At preintl 
H ts not posmbh to assert with complete aenurance that a bundle brandt 
block existe at all It may alnaj's involve a lerocardiogmm vvhose 
initial and terminal deflections are modified bj intraventncuhr 
disturbances of another vanetj Traemgs and transitional curves 
of tins kind are shovm in Fig 47 (Xo 5) and discussed on p SS 
It may be expected that further mvestigations m the near 
future will enable one to make a more exact diagnosis At the 
present time the problem of the diagnosis and localization of bundle 
branch block is one of the most difflcult and urgent problems of 
electrocardiography II hatever the uUtmalt e^pfanabon may be m 
each cQ-se there ts a dtsUiriance oj tnfraienfnctilar conduction. 
pathological foci are present tn the myocanJtuvi (specific ti« ue) 
For the clinical appraisal of the case the difficuUj of ct»tabh«hing 
the site of the disturbance it present, scarccl> has sigmfiennee 

A Special Form of Block of the Right Bundle-branch 
Recently \^il«on and co workers have described in entirely 
different picture as the electrocardiognm of a block of the nght 
bundle branch 

Fig 28 shows three tjincal examples In all of the curves the 
initial deflection is widened to 0 13 second In Lead I the R wave 








Fig Tliree csampl*^ of nrfit bundle branch block (VVihon Vi1») 
Obinethe Q waw m Lea 1 III rt«lw«ja preceded h> a posilnewaie 

IS normal ami the S a at o is broad and rlump In Lead III a bread 
nlump R wave i- noted and it is precevicd b> a more or If^s d^p 
O ware The T wares in Leads I and II at fime‘< onJ> m lead I, 
are positive In the third lead the QRSnmmplex frequentjv appears 
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somewhat diflerent. Lead III is as frequently abnormal in this 
disturbance as in the normal electrocardiogram (Fig, 29) In t}iese 
tracings the Q-wave is preceded by a small upright uave , therefore 
it is not a Q-u ave in the true sense of the definition of that u ave. 

On the basis of preeordial leads and dog expenments, Wilson 
and his co-workers assume a block of the nght bundle Here also 
the histological proof in man, the crucial evidence as to w hether it is 
a lesion of tho right bundle-branch alone or in combination with 
other leisions is still lacking. Nevertheless it must be conceded that 
axtek tracings art commonly oltservcd and that thej are always 
identical in composition (just as tho tracings in Fig 28 resemble 
each other), so that a defimto anatomical substratum must exist 


Flo 29 Tljrco ciwra* of nghl bundle branch block 
(V\ iJ«on type) 

In all of these curves it is typical in Lead I for a slender, thin R-u ave 
to be followed by a broad S-v\ave and in Lead III a slender Q-wave 
to precede a broad R-wave Tlie T-waves are positive in Leads I 
and II, negative m Lead III . Asa nde Lead 111 is the mirror image 
ofLead I Until histological examination is available, one may call 
these electrocardiograms “Wilson block.” In regard to the results 
of histological examination, it must be emphasized that only positiv o 
findings can be utilized 

Fig 29 shows the electrocanhograms of three additional cases, 
with this common typo of tracing. The simUarity of the tracings is 
remarkable. If there had been a smaller R-wavc and a deeper 
S-wave in Lead I together with a shorter Q-wave and a iiiglier 
R-wave in Lead III, the electrocardiogram would look like Fig. 24, 
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a case of the uncommon tjpe of bumllc branch block (Hi bundle 
branch block old nomenclature right bundle branch block nca 
nomenclature) Ever} transition may be ob'ierved 

Eig 30 shows tv o more tracings of bundle brancli block 
In the tracings on the left the slender R vave in Lead I and 
the deep Q nave m Lead III are verj Jong In the senes on the 
right It will be noted that the same waves m another cneo arc \er\ 
short so that the tracing closely resembles Fig 24 (uncommon tvpo 
of bundle branch block) 

The objection may be raided that tracings of this tvi*o are due to 
a combined lesion in several branches of the combictioii 


L ' 1 I 



Fjo 30 Two cases oftt ilaoo block w ih iraxw t on to tho unenmaion Ijpp 
of bundle branch block 

Agamst this assumption is the observation that frcfiiientlj these 
features develop verj suddenly and alwajs display the same altcri 
tions of the electrocardiogram (Fig*! 28-30) we have oHcrvcd 
tho«c changes even limited to a few beats (partial bundle branch 
block see p 62) this would not be po«®ible if abnormal coiidiie 
tion through more than one branch wort- nccc'5‘'ar} for producing 
these features (Figs 32 204) 

Not rarel} these electrocardiograms are observed after ccronarj 
thrombosis (descending branch of the left coronan, arten ) Accoitl 
mg to prevailing opinion which the authors do not share the di*' 
turbance is one permitting a favourable prognosis Tlie prognosis 
depends — as always in electrocardiograph} — upon the underljmg 
disease 
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If these tracings appear in a case of coronary thrombosis, the 
electrocardiograplue picture persists and does not exhibit the 
evolution of the alterations m the form of the termmal deflection 
otherwise observed in eoronarj thrombosis 

It IS typical for these tracings to display a thin narrow wave 
follow ed by a verj' broad one TJiue, a change appears w Inch w ould 
actually be anticipated in every bundle branch block and which 
also occurs in experimental block , in these cucumstances first 
one ventricle is activated with normal rapidity by means of the 
healthy bundle branch and only subsequently do the potentials of the 
other ventricle dev elop as the result of excitation ov er the abnormal 
pathwa} In the “ Wilson block ” electrocardiogram the T waves 
are directed opposite to the main deflection of the initial complex 

The frequent occurrence of low ventnculai complexes is imex 
Iilamed 

Wilson recentlj’ expressed the opiiuon that in practically all 
cases inwhich the QRS mterv al measures 0 12 second or more and m 
which there is a conspicuous S deflection in Lead I the precordial 
electrocardiograms are of the simc typo and imbcate the presence of 
right bundle branch block When the QRS mterval measures 0 12 
second or more, aud there is no conspicuous S w ave m Lead I, the 
precordial electrocardiograms indicate the presence of left bundle 
branch block In both types of bundle branch block the veiitn 
cular complex itself is extremely variable m form The only distin 
guishing feature in the limb leads is the conspicuous S in I^ad I in 
tracings of right bundle branch and its absence m left bundle branch 
block The T waves are not neeessanij' in an opposite direction to 
the initial complexes 

Significance of Bundle-branch Block 

If the electrocardiographic picture of a bundle branch block is 
obtained, this merely permits the conclusion that a morbid focus 
exists at some place in the specific tissue This constitutes a 
valuable discovery, since m doubtful cases it establishes the presence 
of nn orgamc mjocanbal disease But the question of the 
of the myocardial damage can only be determined from the complete 
clinical picture, due attention being paid to the history and the 
other findings , it can never be answered by the electrocardiograph 
alone A focus of myocarditis, the sequel® of a coronary sclerosis 
or thrombosis invasion by tuberculosis or carcinoma represent 
possible lesions The disturbance may be recent, verj acute and 
progressive, but a simple soar may be provocative 
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If a bundle branch block appears in a caee of endocardjtj^ ui 
the course of diphtheria or dunng riieumatic fe\ er sucli occurrence 
pro\es the participation of the mjocardmm , if a bimdle-branch 
block IS found m a patient sufTeruig from hj'pertension or angina 
pectons the presence of eoronar> arterj disease mat be assumed 

The cknical diagnosis of bundle branch block is not jKi'^sible 
ttithout an electrocardiogram There is hovseter one clinica! 
s 3 'niptom which appears frequently m bundle branch block and tlm 
is gallop rhythm According to P D Ulute 3S jier cent of the 
cases of gallop rhythm studied by him bad a disturbance of ultra 
\entncular conduction The occurrence of this sign preciselv in 
bundle branch block w still unetplamed It has been asserted that 
gallop rhythm develops as the result of non simultaneous contrac 
tion of the ventneles but since the difference in time amounts 
only to about 0 04 second this explanation does not demand serious 
consideration (Rothberger) Such mmute differences ui time cannot 
be detected by the ear It is conceivable that both the bundle 
brancli block and the gallop rhythm are the re<iult of myocardial 
disease and thereby are not causally intenlependent Agamst this 
explanation may ^ urged the fact that when the block apjKars 
transiently and persists for only a few minutes gallop rJiythm may 
come and go ith the block Accordingly a connection cannot be 
denied 

Owmg to the shght difference m time between the contraction 
of the two ventneles in bundle branch block the sigmficanco of this 
occurrence for tbe dynamics of the heart is disputed TJie alteration 
of the spread of excitation causeil by the presence of bundle brancli 
block does pos^ss importance in respect to tbe affected ventricle 
Nonnally the excitation reaches all sections of the aentncle almost 
simultaneously through the ramifications of the \-V system Afhen 
bundle branch block appears the ventneJe supplied by the affectc<l 
bundle branch is not activated by the rapidly transmitting conduc 
tion system but through tlieslower acting a entncularmiis-cle This 
does not fail to mfluence the force of contraction If b\ a suitable 
experimental arrangement flie intracanliac prc^sirre ^ 

that the effect of the normal and abnormal sjircad of activation can 
l>eob«cr\ed the pressure is actually lower with abnormal excitation 

Partial Bundle branch Block 

In manv publications ami books atypical traemgs are stated to be 
indicati%e of "patlxal bitndle branch lAocl In tins connection it may 
be pointed out that a di»ease of o bundle branch which filows 
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conduction m that bnincli for onlj 0 04 •^itond produces the same 
electrocardiogram as a complete bundle branch 
tins instance the excitation readies the affected xenlncle ltd the 
detour from the othei centnclo Accordinglv one cannot differen 
tiate hct«ecu a buncllo branch block depending upon this dela> ot 
conduction and a block resulting from comidete mtemiption Jn 
certain niro cases of transient bundle brunch block in which the 
electrocardiogram returns to normal after a few beats or dajs 
presumably no complete interruption of conduction nas ptc cut ami 
simpl> delajed conduction was responsible 

An example of this condition is proxulcd b\ Fig 31 Ihe 
electrocardiogram uas obtained from a xoung indnulual suffenng 



Fi<i 31 Tartinl pnU'rmitimt) l>ui lie branch block 


from hypertension (2S0/140) who complaineil of temporary palpi 
t(\tion After one or two normal beats with slender mitinl delict 
tions of normal width one or two abnormal QRS comjilexcs mtt^ 
he seen whicli measure 0 15 second and iiro followed by ahnonnal 
1 waves This xanation also occurrctl during rest and without 
apparent precipitating factors Periodically far one or two beats 
the conduction system did not function mu normal manner Since 
it cannot be assumed that seteral branches periodically and simiil 
taneously became incapacitated and since the disturbance must thus 
be locabzed m me branch electrocardiograms of tins type rexeal 
the shape of the mitial deflections w Iicn one branch of thq ^mtr ax en 
tricular conduction system is blocked This vanet^f^ 
proxes that m a disturbance of conduction m 
conduction system the mitial deflection may be 0 15 6 ^ 

On some day s intraventricular conduction w ns n^in\ 
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If n bundle branch block apjicars in a ca<?e of eudocanliti^ m 
the course of diphtheria or during rheumatic fe\er »uth occurrence 
proies the participation of the myocardium , if a bundle branch 
block IS found in a patient suffermg from hypertension or anguia 
pectons the presence of coronary artery dtsease may be a'-siimed 

The cluucal chagno&is of bundle branch block Is not possible 
uitliout an electrocardiogram Tliero is howeicr one clinical 
sj luptom « Inch appears frequently in bundle branch block and this 
IS galloj) rhythm According to P D Wliite 38 per cent of the 
cases of gallop rhythm studied by lam had a dtaturbanco of intra 
\cntncular conduction The occurrence of this sign preciselv in 
bundle branch block is still unexplained It has been asserted that 
gallop rhythm deielops as the result of non simultaneous contrac 
tion of the lentncles but since the difference in time amounts 
only to about 0 04 second this explanation docs not demand serious 
consideration (Rotlibergcr) Such minute differences m time cannot 
bo detected by the car It is conceivable that both the bundle 
branch block and the gallop rhythm are the result of myocardial 
disea&o and thereby are not causally interdependent Against this 
explanation may be urged the fact that uhen the block appears 
transiently and persists for only a feu minutes gallop rhythm nia\ 
come and go uitli the block Accordingly a connection cannot bo 
denied 

Ouing to the slight difference in tune bctuccn tlie contraction 
of the tu o \ entnclcs in bundle branch block the signihcanco of this 
occurrence for the dynamics of the heart is disputeil Tiie alteration 
of the spread of excitation caused by tbo presence of bundle branch 
block docs possess importance m respect to the affecteil ventricle 
biornially the excitation reaches aJl ’»ections of the \entncle almost 
simultaneously through the ramifications of the A-V sy stem WTien 
bundle branch block appears the \entncle supplied by the affected 
bundle branch is not activated by the rapidly transmitting condiic 
tion system but through the slower acting >entncular muscle This 
does not fill to mfluence the force of contraction If by a suitable 
experimental nTrangemenl the mlrncarduc pressure is registereil so 
tlint the effect of the noniial and abnormal spread of actu ation can 
be oWix ed the pressure is actually lower w ith abnonnal excitation 

Partial Bundle branch Block 

In many publications and hooka atypical tracings are stateil to be 
uulicatu e of ■partial Lnndlt branch block In this connection it may 
be pointed out that a disease of a bundle branch which slows 
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conduction m that branch .for onlj 0 04 second produces the same 
electrocardiogram as a complete bundle branch block since m 
this instance the excitation reaches the affected ventricle tid the 
detour from the other a entncle Accordmglj one cannot differen 
tiate between a bundle branch block depending upon thi'^ delaj of 
conduction and a block resulting from complete interruiition In 
certain rare cases of transient bundle branch block in winch the 
electrocardiogram returns to normal after a few beats or dajs 
presumably no complete interruption of conduction w as pre^i nt and 
simply delayed conduction was responsible 

An example of tins condition is pro\ided by Fig 31 The 
electrocanliogram was obtauied from a young imliMdual suffering 
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Fia 31 rartidl bundle branch I lock 

from liyTiertonsion (2S0/I40) who complained of tempo^ar^ palpi 
tation After one or two normal beats with slender initial deflec 
tions of normal width one oi two abnormal QRS complexes ma\ 
he seen which measure 0 16 second and are followed bv abnormal 
r waves This xaiiation also occurred during rest and without 
apparent preupitMuig fs^ctors PenoOiC'iiiy for one or tw o beats 
the conduction system did not function in a normal manner Since 
it cannot be assumed that seieral branches periodically and simul 
taneously became incapacitated and since the disturbance must thus 
be localized in ove branch electrocanhograms of this type reveal 
the shape of the initial deflections when one branch of the intrav en 
tncular conduction system is blocked Tins variety of tracing also 
proves that in a disturbance of conduction in one branch of the 
conduction system the initial deflection may be 0 15 second wide 
On some day s intraventricular conduction w as normal on others 
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can bo cvsilj dcJimnstrated bj measurement that this is. the leault 
of the algebraic sum of the dextro and lo\ ocardiograms (Wilson 
and Herrmann) 

Fig 33 was obtained in nn exjieriment performed upon tht 
exposed Iieart of an am?stlioti7ed dog After prehminarj treat 
ment with barium and mccliamcal excitation of circumscribed 
aicis of the right and left icntriclcs t«o centres of stimuhia forma 
tion were produced thej worked with approximatelj the same 
rate and alternately tontiolled the heart At the beginning of 
the tracmg (I ead III) tlic excitation arises m the left ventricle and 
a plump widened initial deflection a deep S wave and an oppositeh 
directed teimiinl deflection la noted Gi vdually the contiol pa ed 
from the left centre to the right centre (high Ilwave a plum] 
widenM initial deflection and nn opj»ositely directed termmil 
<lc/ioetion in lead Iff) However when the excitation dovekps 



FlO “13 (nlual tfarwlon of an CTpcntnwitnlly prol cod lexocarl 
(Tram nto n dcxtrocar I ogram a lictrdogram la tl u entto 
(Load III) 


stvivllaneou<!li/ i» the hjt ami right centra the ventricular complex 
IS normal in appearance (sixth beat fiom the left) and measurement 
reveals that it corresponds oxactiv to the algcbiaic sum of the 
complexes at the heguining and the end of the cur\ e 

liXpenments of this kind prove that the potentials which aie 
provided bv the right and left ventricles give rise to entirely ditTerent 
rcconh and their sum yields the nortml tentnculnr electrocardiogram 
In the discussion of the elcctrocaxdiogram of bundle branch 
block reference v\as made to tlie fact that the levocardiogram is 
chanctorized bv a liigh H w ave in Lead I as « ell as a small B w av e 
with a deep S wave ui liCad III , in a dextiocardiogram a deep 
S wave exists in Lead I and a high R wave in Lead III 

If m a patient hypertrophyof the right or left ventricle develops 
one may expect alterations in the elcctrocardiogiam since those 
potentials w Inch are prov idcd by the hypertrophied ventricle w ill 
predominate ith mcreasuig hypertrophy of the right or left 
ventiicle the S and R waves m Leads I or III respectively becoj 
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contitiinll^ abnormal \\lienc\er the conduction 
111 the bundle branch was niomentanJ^ distiirlied, 
the heart •sounds were distinctly duller tlian the 
•■ounds of the normally conducted beats 

Fig 32 shows regular sinus bradvcaniia of 
37 beats per minute (see p 299) E^ery second 
sinus beat is condticte<l abnormally (abcrraiitU) 
and a ^entnclllar complev of the bundle branch 
block tyjie (2 1 bundle branch block) apjiears One 
bundle branch conducted only alternate sinus mijniKcs 
to the \entiicle At times esjiocially when a higher 
\entrieular rate was induced (after knee bemhiig 
e’cercises) continuous bundle branch block appeared , 
on nmii\ days the electrocanhogram diinng rest was 
eiitircK normal 

A partial bundle branch block tn the ^ente tlatnot 
the entire erwi section of the bundle branch »> affected 
but the disease tt limited to a part of it daei net erw/ 
According to the laws of anxomenc conduction m 
the heart (p 274) such a form of bundle branch 
disease will not produce electrocardiographic phenn 
mena It is therefore incorrect to designate CM-ty 
tracing with sonic splitting and widening of the 
initial complexes as imhcating incomplete hiintlle 
branch block 



RIGHT OR LEFT AXIS DEVIATION (DEXTRO- 
AND LEVOCARDIOCRAM) 

The Significance of Hypertrophy of the Right or 
Left Ventricle 

The normal \cntntular electrocardiognim is 
formed by the Huminatioii of potentials of the right 
and left i cntncles 5 his can be proi en by a sim/tJc 
expenment on the mamniahan heart ui which the 
excitation is cnu<ied to arise first in the right and 
then in the left xentncle and the resulting dextro 
and lo\ ocardiograms aro recoftled ProMsion must 
be made for the excitation of the two ventricles to 
take place simultaneously at certain moments a 
normal electrocardiogram is then obtained, ond it 
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can be. easily demonstrated bj irieasurcment that this la the result 
of the algebraic sum of the destro ind levocardiograms (Wilson 
and Herrmnim) 

Fig 33 was obtained m an experiment performed upon the 
exposed heart of an anaesthetized dog After preliminary treat- 
ment with barium mid mcehnnical excitation of circumscribed 
areas of the right and left xentncles, two centres of stimulus forma- 
tion were prodiued , they worhed with appioximately the same 
rate and alternately controlled the heart At the begmmng of 
the tracing (Lead III) the excitation arises m the left ventricle and 
a plump vndened initial deflection a deep S wave and an oppositely 
directed terminal deflection is noted Gradually the control passed 
fiom the left centre to the right centre (high Rwave a plump, 
widemd initial deflection and an oppositely directed termmal 
deflection in Lead III) However, when tlie excitation develops 



Fin S3 Cmiliml trnn«ilJon i»f «n cxpmmrnlHlly prcxlmi I Icxocardio 
^niin into a dostrocardiogrorn ft birar liogram »n tlio rpntro 
(I cod III) 


Himuhaneoushj m the left and right cenlrej the ventncular complex 
IS nonnal in appearance (sixth beat from the left) and measurement 
reveals that it corresponds exactly to the algebraic sum of the 
complexes at the beginning anil tlic end of the curve 

Expenmcnls of this kmd prove that the potentials which aie 
provided by the light and left ventricles give use to cntiicly diileient 
records and their st/m ijieldfi the vonml tentncular electrocardiogram 
Ju ilie (iLSniisaion of tlie ftleelrmawxlirgtcniii jvf Jumdla lu-aunh 
hloek reference vins made to the fact that the levocardiogram is 
characterized by a high R wave m Lead I as well as a small R wave 
with a deep S wave m Lead III , m a dextrocardiogram a deep 
S wave exists m Lead I and a lugh R wave in Lead III 

If, m a patient, hyTicrtrophy of the right or left ventricle dev clops, 
one may expect alterations m the electrocardiogram since those 
potentials wlncli arc provided by the hypertrophied ventricle will 
predominate With increasing hypertrophy of the light ot left 
ventricle, the S and R waves m Leads I or III respectively becom^ 
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or, more commonly, a lev ocarilio 
gr«am. Some patients have a deep 
S v\ ave in Lead III only during 
inspiration (presentmg the picture 
of a levocardiogmm), and otliers 
exhibit a dextrocardiograra m one 
phase of respiration and a levo 
cardiogram in anotlier 

Fig 35 was obtained from a 
case of polycythemia w hose heart 
seemed entirely normal The 
electrocardiogram w as recorded 
with an Einthoven double string 
galvanometer The upper tracing 
represents Lead III, the lower, 
liCad I Even durmg quiet 
breathmg the electrocanhogram 
undergoes continual alteration 
At tho beginning of the tracing 
during inspiration a deep S wave 
may bo seen in Lead I and a 
high R wave in Lead III, m other 
words a dextrocardiogram (clock 
wise rotation) while imraediatelv 
afterwards, during normal oxpua 
tion, a high R wave occurs m 
I/ 2 ad I and a deep S wave in Lead 
ni, that is, a levocardiogram 
These changes w ere constantly 
ns evident as indicated m the 
tracing With a voluntary arrest 
of breathing the electrocardiogram 
ceased to show these variations 
CJoineident with the«e distinct 
alterations m the form of tho 
initial deflection, changes also 
occur in the terminal deflection 
These are especially obvious m 
Lead III whereanmiertedT wave 
may be seen at the height of 
inspiration w hile it is suggestively 
positive at the height of expiration 



Flo 35 Eletlrooanliogramof a patient freo from rnrtliae diorase Leotl III (upper Irucing) and Lead I (lower tracing) were recorded 
simultoneously \ dexlrocardiopraro isaeenm in^piralton a levoennliogram in expiration 
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higher or lower until a fully developed dextro- or Icvocarciiognim 
re'«uUs 

In Fig 34a m Lead I there is a deep S*" ave, xn Lead III a high 
R-v.a%e (dextrocardiograra) Otherwise the initial and tenninal 
deflections are nomia! The tracing was obtained from a jutient 
with mitral stenosis whose com- 
pensation was perfect. 

In Fig. 34l> the K'Wa\e in 
Lead I is very high, the S-waro 
m Lead III \ ery deep (levocar- 
diogram). Similarly, in this 
electrocardiogram the initial and 
terminal deflections are olhcr- 
\\ i«c normal. The elcctrocarth'o- 
gram was obtained from a 
patient with a moderately 
seierc, conjj>on«nted aortle 
stenosis. 

Significance of the Position of 
the Heart 

On the basis of obserrations 
of this kind, it was formerly con- 
sideretl correct to present these 
tracings ns evidence of cardiac 
hypertrophy and it was deemed 
pormis-sible to <Uagnose hypertrophy of a ventricle from the 
olectrocanhogram alone Later, it became apparent that quite 
identical pictures can be obtaincil in the ab'^ence of cardiac 
hyperlrophi especially trAen the heart teas sVifjhlly rotated aroutul 



Tia 34a and >i Itiglit (a) and left (b) 
axis del lation m <h« etectrocardiognim 


its axis t 

If, after opening the thorax, the heart of a dog is rotated clock- 
wise around its axis, the picture of a dextrocardiogmm is obtained ; 
with counter eUwkwive totatiou a lexocacdiQgcaui appears (Calm 
and Raisbeck) The amount of rotation of the heart required to 
produce the electrocardiographic changes is so slight that it may lie 
assumed to occur in man commonly Earlier (p. 37) the marked 
alterations of the clectrocoKhogrom following changes in the 
position of the heart as the result of deep breathing were described. 

there statements may bo added the fact that normal people, that 
i, tho-o without striking alteration of the po'^ition of the diaplirngni, 
,:siav frequently be encountered who present a dextrocardiogram 
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or, more commonly, a levocanlio 
gram Some patients have a deep 
S-wave m Lead III only dunng 
inspiration (presenting the picture 
of a levocaidiogmm), and otheis 
exhibit a dextroeardiogram in one 
phase of respiration and a levo- 
cardiogram m another 

Fig 35 waa obtained from a 
case of polycythemia whose heart 
seemed entirely normal The 
electrocardiogram v as recorded 
V ith an Einthoven double string 
gal\ anometer The upper tracing 
represents Lend III, the iouer, 
Lead I. Even during quiet 
breathing the electiocaidiogram 
undergoes continual alteration 
At the beginning of tlie tracing 
dunng inspiration a deep Sx\avo 
may be seen m Lead I and a 
high R wave in Lead III, m other 
words a dextroeardiogram (clock* 
wise rotation), while iramediatelv 
afterwards, dunng normal expira 
tion, a liigh R wave occurs in 
Lead I and a deep S wa\ e in Lea<l 
III, that 19, a lev ocardiogram 
These changes were constantly 
as evident as indicated in the 
tracing With a voluntary arrest 
of breathing, tlie electrocardiogram 
ceased to show these variations 
Comcideiit with these distinct 
alterations m the form of the 
initial deflection, changes also 
occur in the termmal deflection 
These are especially obvious in 
Lead III w here an inv erted T w a\ e 
may be seen at the height of 
inspiration while it is suggestivdy 
positive at the height of expiiation 



35 Eleotrocarcliogram of a patient free from carJiac diseaw Lead III (upper iracmg) and Lead I (lower tracing) ere recorded 
-4 deatroc/irdjpgrainjsseenjnin^iratitw} a ]e\ ocardiogram in csspirntion 
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Altcrntioiifl of the winie kind but faking |)la«‘ more ulouly may 
be obMirv'ed os the result of on Hbnomiat jiositioii of the diaphragm 
nriHjng from other factors (distention of the stoinath or infeslmes, 
jiregnancy), 

Observations of this kind indicate that it is improper to speak 
of " hi'jiertrophy ctines ” in connection with these electrocardio- 
grnniH Likc«i®c the designation of “ right or left preponderaiue " 
IS not accurate if this cspression is associated villi the idea that 
one ventricle is anatomically or functionally stronger than the 
other At most the poUntiaU in one or other of the vcntrielcs pre- 
dominate But hypertrophy of one-half of the heart is not the sole 
factor responsible for this, sinc-c an alteration of the cardiac jwsition 
may have the same effect Accordingly it seems ndvi-ahle to speak 
of a dextro- or levotardiogrom or of right or left axis deviation.* 
Ill respect of the latter designations it must lie rememhered that 
the cxprcKsion “ axis deviation ” refers to the electrical axis of the 
heart and not to the anatomical axw of this organ. Since thrs'e 
exprc''«’ions arc tnninumly mwundcraUKKl.Mc prcflT dettm- or Icvii- 
canhogram ns sugge«tc<I by I^uia In order to avoid mwiinder' 
standings it niiglit even he better for the licginncr to tij>cak of the 
“ right or left tyjie ” of ventricular electrocardiogram. 

The dcxtrocardiogram ls usually found in association vith lesions 
of tJie mitral valve The responsible factor is not simply a hyjicr* 
trophy of the right heart, but the clockvieo rotation of tlie heart 
around fts axis, arsociateil «ith enlargement of tlie nght ventricle, 
LS like" ye important, in on identical manner the levocardio- 
gram iiccn in connection vitU iiwilficiency of the aortic valve or 
hyiierteiiHion is not producwl nolcly by hypertrophy of the left 
ventricle, hut also b} tlie tounler-clockwisc rotation resulting from 
enlargement of the left ventricle. IIovcevcr.Hlnce prtti“cly the pimie 
dextro and Icvocardiograms (right ond left axis deviation) are 
ob^rved 111 healthy individuals, no diagnostic conclusions can }>e 
dravn from a tracing of this kind. They tan Kcivrcely lie evahiatcsl 
for the purI^o^c of differential diagnosis. 

'¥Vie y/rtrstnees vj? -a vVc%tiv>- w V^vycMvliV'iygniVTi vlit/t's wA ja-ovt; \Vitr 

existence of a right- or Icft-aidwl carviiac hyjwrtrophy ; on the 
contmiy nia.s«ivc hypertrophy of the right or left heart may exi*-! 
vlthout right or left axis deviation; this liapjicits, for example, 
when the jiositlon of the heart tends to ncutralw the electrotanlio- 

• Tlin»%iioiit tliiH l4)«k tli« W{/n!« ** l•^orA^ll<«q,'r«m ” mid " d>'»liw«rdi<vr«fir ” 
arf cmptojrd mtit Is an rnm UopaprrMiotuUiflrviirnatea 1( was<* in 1 and 
dt^ p K Hast* in Ixnd HI and a drfph wasi>iii Lrml 1 uid a liiglt 11 srasMii L^ad III, 
rp«p<Ktisrf> 
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gnphic altmtions consequent to the hypertrophy , acc^idimjl^ rite, 
dtKoierif of a "dexlro or levooardioffram," of a “rtr/hi or left axis 
detialton,” does not hate any tmporlant dtngnosltc value 

A low diaphragm tenrls to cauao the picture of a dextrocardio 
gram, whereas a high diaphragm may cause a lovocardiogram 

Occasionally formulto are employed to ascertain the degree of 
axis tle% intion , the authors are not convinced of their advantages 
in clinical diagnosis 

In a simple dextro- or lo\ ocardiogram (Fig 34) the amplitude 
of the R wave in Lead II may be increased or diminished But if a 
distinct S wave is also present tn Lead //, as in Tig. 36, this findmg 



Fio It’ll find fj night *xw doiation IS pn?9«nt m I-ig ICa fn a case of 
mitrnl stenosis left axis deviation is evident m Fig 36b e patient 
presenting a lesion of the aortic valves The P waves of Fig 36a are 
very largo (see p 235) V wawsaro present in Fig 38b 

has been said to give definite support to the idea that hypertrophy 
of the right or left ventncle is present rather than a variation of the 
normal electrocardiogram (Pardee) The positive finding alone may 
bo utilized toith caulton Sometimes marked hypertrophy of the 
right or left side of the heart may exist w ithout a deep S wave 
occurring in I^ad 11 

During the early months of life, a dextrocardiogram is regularly 
noted since for a time the ngbt ventncle of the new bom forms the 
most massive part of the heart just as it did before birth Usually' 
six to nine montlis elapse before the sigas of the dextrocardiogram 
vanish As individuals become older the levocardiogram is enconn 
tered with increasmg freqiien<y although they may bo healthy' 
from the standpoint of circulation 
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Significance of Intraventncular Spread of Excitation 
Apart from hjpertrophj of one ventnrlo or from tlio position of 
the heart the structure of the mmifieations of the conduction sjPtcni 
and tlie manner of spread of the actH ation in tJio heart are important 
factors in regard to the size and form of the indnidual naacs and 
thereby for the production of the levo or dextrocardiogram * Right 
or left axis deviation maj appear from disturbances of conduction 
in the small branches of the transmitting Rjstcm Rothberger ami 
Winterberg b} dividing the smaller ramifications of both ninin 
stems of the bundle branches were able to produce alterations in the 
amplitude of the individual waves of the initial complexes without 
other ch uigcs in the electrocardiogram These anomalies of conduc 
tion maj be produced bj a congenital abnormahtj of the anlage of 
the conduction sjatem or bj foci of disease m the conduction paths 
Fig 37 illustrates an example of the transient appearance of a 
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Iir 37(Lc<illII) Alt<'Mtionofth©>cBtn«ilsrM>rT>pIcx l>} a (iHliirl nnre 
of mtm\«itri«ular ronluclion 

lovocardiogram as the result of a disturbance of intraventncular 
conduction 

Tlic elect rocanbogram was obtained from a case of tul/crciiloiis 
mvocanbtis at necropsj innumerable recent and old iiiflaminaforv 
foci were ihscovorcd in the finer rnnuficationa of the conduction sjutom 
m the ventricle Owing to the preseiire of these foei the electrocnnlio 
gram rlmngcfl cnntinuouslv and vanations of the vcnlnculnr complexes 
were constantlj ot)«orvcd even during complete rest The alternfiom 
were accentuated and occurred more frwiiientlv when the rate «iw 
increased bj etiorl ainvl nitnte, etc This case was descnlHxl in detad 
bv Grasstjcrgcr 

Sometimes a levocanbogrnro was present, but a few minutes 
later the electrocardiogram would be normal In Tig 37 there is a 
sudden transition from initial deflections with deepS waves tothoMs 
wath high R waves of normal ahape (Lead III is reproduced) 'Jhe 
cardiac rate and the conduction timercmamed untbangod An altera 
tion of the fuhctional capacity (imtabiht^ ) of a branch of the intra 




ventricular conduction system r^ulted m a luoment'uy di-^turbance 
of conduction and transiently changed to a marked extent the 
appearance of the ventricular complexes The tracing prove** irhat 
importance the spread of the mtraventncular excitation has in the 
appearance of the ventricular electrocardiogram A change of the 
position of the diaphragm was not involved because the electro 
cardiograms were transcnbe<l dunng calm respiration and either 
form of the vcntncular complex appeared for minutes or hours 

If exceptiornllj a dextrocardiognm is found in conjunction with 
an insufTieiency of the aortic valves or a lev ocarchogram in mitral 
stenosis it is probable that disturbances of intraventricular con 
duction are responsible for these findings Occasionally a dextro 
cardiogram is encountered in a case of sjphilitic msufficiencj of 
the aortic valves since myocardial lesions are common in this 
condition 

An electrocardiographic alteration produced bj a disturbance of 
intraventricular conduction which during an animal expenment 
was induced b} the destruction of a branch of the conduction 
sjstcm can be abolished b> section of anotlier branch (Rothberger 
and Wmterberg) 

Lastly two more factors have licen considered as playing a part 
in producing dextro or levocordiograms first a change in the 
relative positions of the two ventricles to one anothei re>u]tuig 
from the dilatation of the heart and secondly the delay in tho 
activation of the dilated ventricle consequent upon the lengthening 
of its path of conduction 

New Nomenclature 

Earlier (p 51) reference vv as mail© to feomc recent investigations 
especially by llilsoii and confirmed b} Storm etc in which it was 
suggested that the clas'*ical nomenclature of bundle branch block 
maj be incorrect and that the expenments and clmico pathological 
studies upon which the old nomenclature w as based were incorrect 
interpreted and that traemgs of the tj-pe cxoinpUfied by Tig 22 
or Pig 23 should not be desenbed as a block of the right bundle 
branch but rather of the left According to I\ ilaon the tracings 
which Lewis attnbiited to left ventricular effects and therefore 
called levocardiograms are actually due to the right ventricle and 
should therefore be called dextrocardiograms 

If a high K wave is found in I«ad I and a deep S wave in 
Lead in this is said accordmg to the now nomenclature to indicate 
an initial activation of tho nght ventncio while a deep S wave in 
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Lend I and a high R «a\e m Lead III is wild to thamctcnzo prc 
Tn»tunt> of excitation m the left a entnclc 

From these statements it nould follon tliat according to the 
new nomeiichtnro m cases of left aentncnlar hvporlroplu we ohtam 
a tracing which should he called a dcitrocardiogram in cases of 
right \entncular hypertrophy limtral xaho lesions) a tracing is 
obtained which should ho called a Ic\ ooardiogram Some ndvo 
Cites of the new nomencKturc explain this in the following \vii\ 
when Inpertrophj of a \cntnclo has occurred its pctnation lags 
somewhat lichind the other (in other wonls m hypertrophy of the 
left yentricle the right is actuated somewhat earlier) rnstanccs 
formerly <Uagnosed dextro or le\ocardiogmni right or left axis 
de\iation should be called right or left retardation Endeaaours 
ha\e been made in a yanety of ways to advance proof that livpcr 
trophy of one ventricle creates a situation in which the opposite 
yentricle controls the yentncular complex tn. the electrocardiogram 
and influences us appearance Tho lag of a acntnclc whiih hnb 
became abnormal owing to liyTicctrophy an I dtlatation is astnlied 
for example to the fict that the conduction time in the bumllc 
branch supplying tho dilated acntriclc is longer than m tho norm il 
bundle branch so that thoafTected ventricle i>>c\citcd later than usual 
However since tlio doxtro or Icvocardiogmm i< nl«o encountered 
in tho absence of dilatation and when hvpcrtropliy alone is present 
other hypothoocs must be employed \\il«on and co worl trs liolipio 
that hypertrophy of one vcntncle increise« the mas? of tho septal 
wall of the opposite vcntnclo without iiicrca'img tho bulk of tho 
lateral walh thus incrca“tng the magnitude of tho tlettrical 
potentials of the non hypertrophied vcntncle Up to the present 
time it has been just as impo’^'iblc to obtain proof for the inter 
pretation of curves of hyjvrfrophy ns m the case of the new 
nomenclature for bundle bramh block tracings Herr also nii 
answered objections still exist so that the wnters retain the old 
nomenclature until decisive proof i'' siibmittod for the new 

Further Changes in the Electrocardiogram in Marked Hypertrophy 
and Dilatation of One Vcntncle 

Earlier in the discn‘'Sion it was pointed out that the chetro 
cardiogram of hyi«rtropbv «f the right or left heart is not sigm 
ficuit in itself betansc the dextro or leyocardiogrim may np|ionr 
in the hcahhv indnidnal Apart from this widening of the untud 
deflection and change in the b-1 interval and the 1 wave are 
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nb'sent But (hero are caMjs m which both appear that is tlie 
alteration of the form of tlic initial complex as well as of the 
terminal detlection 

During the course of a considerable I15 pertrophy of the right or 
loft aentncle the initial dencction maj become broader and persist 
as long as 0 10 second According to Pardee the initial deflection 
may become even 0 11 second in width simply ns the result of 
muscular hj’pertropliy of the left ventricle Since a duration of 
0 10 second occasionally appears m a healthy iiidnidinl it has 
significance only when it was absent m an earlier electrocardiogram 
of the same patient that might be available for comparison In 
this instance the widening may be explained by the fact that the 
activ ation requires n longer time in the hjq)crtrophicd thick ventricle 
than in a normal muscle It is also assumed that the dilatation 
often associated with hypertrophj produces a widening of the 
initial deflections since a disturbance of intraventricular conduction 
may result from overstretching of the smaller branches of the 
bundle which become incapable of conduction as the rc«ult of 
cousidciablo dilatation of the ventricles Naturally, the widening 
of the initial complex is less marked in right v cntncular hypertropba 
for tins is never as extreme as left sided hjpertrophj 

The &-T segment as well as the T wave maj be altered in eases 
of cardiac hjpertrophj They show a icruhney to proceed im n 
ihreciion opposite to that oj the tmlial deflection Accordingly in a 
case of hypertrophy of the right side of the heart one may find the 
tcrmmnl deflections (S-T and T) above the rero Ime m Load I and 
below the Isoelectric lino in Lead III (at times also in Lead II) m 
hypertrophy of the left heart depression and inversion of the 
terminal deflections m Load I at tunes also in Lead II may be 
present vrith an elevation m Lead III Tho participation of Lead II 
depends upon the extent of alterations in Leads I and III 

These alterations often licgm in that lend which displays the 
high wave (that is in Lead I in the lev ocardiogram m Lead III m 
the dextrocaidiogram) The f>-T segment changes first and then 
tho r wave The changes m the final deflection may bo mi sed m 
tho lead w ith deep S w aves (Lead III m the lev ocardiogram Lead I 
m tho dextrocardiogram) 

Tig 38a was obtained from a patient who bad a moderate 
mitral stenosis and considerable pulmonary stasis The rate is 
accelerated (100) and the P waves are umisually large and split 
There is a doxtrocanhogram (deep S wave m Lead I liigJi B wave 
m Lead III) The terminal deflection m Lead I is positive in 
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Lead III negative, the S-T segment is also depressed slightly 
below the zero line in Lead II 

The alterations are much more distinct m Fig 38b, which was 
recorded in a patient suficnng from chrome nephritis with h^per 
tension, massive hypertrophy and dilatation of the left ventricle. 
The initial deflections are 0 10 second in width and show the con 
figuration of a levocardiogmm, that is, a high R wave in I/^ad I 
and a deep S wave in Lead III , the terminal deflections in Ixsads I 
and III are directed opposite to tho initial deflections 

The appearance of an abnormal terminal deflection ui cardiac 
hypertrophy may be anticipated on the basis of onr pre«ent know- 
ledge of the development of the normal electrocardiogram Tlio 
T wave, like the initial deflection, develops from the algebraic sum 



a b 

FiC 38a and li Tlio eiccirocnniiojrnwn of a riclil on 1 left » il<^l lij-per 
tropli} with opposilelj dircctcil tormtnnl dcnwlioai 


of the right and left ventricular T waves Tho prejiondcranco of 
potentials in a hypertrojihit ventneJe must therefore act, not only 
on the initial Imt also on the terminal deflection 

Certain authors (Uames and Winttcii) attnbiite these allcrations 
of the terminal doflcctiou simply to the augmented strain on one 
vewAtvnle A.ccac<iuig to other observers tho appearance of the 
alterations of the terminal deflection just described dcjicnds 
upon a myocardial damage lx?caii«c the afTected patients succumb 
to their inaladv in a short time However, since these patients 
alway s have advanced hy pertrophy and dilatation these observations 
do not prove v ery much On the contrary , it is not rare to encounter 
patients with marked hypertrophy and dilatation together with 
the above described altemtions of tlio tcrmmal deflection, although 
the cardiac status docs not change for years, since it concerns 
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cases \\ ith valvular lesions or hypertension in which the mj ocnrclium 
would immediately fad, this survival would not be possible were 
the muscle badly damaged 

Considerable difficulty is pre'^entcd m the explanation of the 
question wh}' the opposite direction of the terminal deflection does 
not occur m all cases exhibiting predominant hypertrophj of one 
ventricle The fact that tins situation occurs m only some of the 
eases suggests that hypertrophy alone js not the cause However, 
clinical experience indicates that the degree of hypertrophy 
13 responsible since the alteration is rarely encountered in mild 
hypertrophy but is associated much more commonly with marked 
hypertrophy. It is al'O stressed that the alterations are much more 
frequent when the hypertrophy is associated with dilatation This 
assertion seems to be correct, nevertheless it must be conceded 
that at times oppositely directeil terminal deflections are found in 
lesions of the aortic or niitml valves m the absence of marked 
ilihtation of the left or right ventricle The assumption of some 
investigators, namely, that when alterations of the after deflection 
are present a coronary sclerosis exists winch ha's injured the con 
duction pathways, m many cases certainly docs not apply Apart 
from histological studies the inaccuracy of this assertion is attested 
by the fact that oppositely directed terminal deflections are observed 
m youthful individuals suffering from congenital heart lesions and 
in mitral stenosis The observation that only a fraction of the cases 
of hypertrophy exhibit these alterations may be attributed to the 
fact that frequently there is also hypertrophy of the opposite ventricle 
which produces changes more or less neutralising the alterations 
ordinanly evoked by hypertrophy of only one v entricle The algebraic 
sum of the two effects may approximate zero and a modification in 
one direction may be cancelled by oppositely directed phenomena 

In our opinion, disturbances of the intraventricular spread of 
actn ation play a very large role m the development of the oppositely 
directed lervnnal defiecUon 

It can be demonstrated by tracings presenting rapid change m 
the form of the S-T segments and of the T waves nwuig to thseaso 
of the mtraventricular conduction paths that disturbances of these 
areas indiiencc, not only the initial deflection, but also tlie terminal 
excursions 

Tigs 39a and b were transcribed from the same patient m 
whom the tracmg of Tig 37 was recorded As already mentioned, 
the form of the ventricular complex varied constantly For 
example, a dcxtrocardiogram would at times change suddenly 
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into a levocardiogram Fig 3fla a levotanliogmm with 

an initial deflection 0*10 pceond in nidth followed by an ojipo’siloly 
directed terminal deflection. Fig. 39b was recorded immcdiatclv 



Fjo 3% and b A disturbance of intra\cntricular conduction protlucw 
al(eniat«t> right and left axw doxnation >cilh oppositely dircricd 
tonmnal deflectiotw 


afterwards from tlie same patient and shows n dcxlrocardlogr.im, 
again with an oppositely directed S-T segment and T-wn\e. 

Fig, 40 was also obtametl from the same patient; despite a 





Flo JO Tlie traring H from tbctJunccaseaj tijr 3J Markoil allcraliorw 
of the form of the >cnlriet»Ii»r compic* are prwlunsl by di'turlwncM of 
intraicntnciilnr rondiictnin 

constant conduction tune and iiiiaUcrotl Finns rhythm it records, in 
addition to normnl coniploscs, dcTtrocartliograms ami Icvocardit>- 
grams with correspondingly alteretl tenninal deflections in varying 
Bcquence. In this case tlie conduction caiwcitt of uidividiinl 
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branches of the intraventncular conduction system at tunes changed 
so rapidly that ventricuhr complexes of man> different forms 
directly folIo^^ each other Tracings of this kind were frequently 
obtained from this patient 

Tins observation show h that not onij the dextro and Ie\ ocaitlio 
gram but also the oppo^tely directed terminal deflections nnj 
vnr3 from be it to heat and that the tj'pe of intrai entncuUr con 
duction (and not e\clusi\eli tho hjpertrophy and dilatation of 
one half of the heart) can produce the alterations of the tennmal 
deflection described above Whether or not an injury of the intra 
ventricular conduction must he present m each case or whether 
additional factors can produce similar alterations cannot on the 
basis of our present knowlctlgc be detennined It is conceivable 
that marked dilatation of a ventricle maj through stretching 
produce atrophj of individual hbres of the conduction sjstem 
which leads to disturbances of conduction of a kind that give rise 
to oppositelj directed terminal deflections 

Since in a nglit or loft sidtwl 1 j-pertrophy the opposite!} 
directed terminal deflections dev clop \ erj gradually and alwajsina 
definite sequence they cannot be brought about h} mflammator} or 
degenerative changes in the conduction s}stem foci of such ongm 
would not develop so regular!} at tho same places and always cause 
tho same alterations In other words tho disturbances of mtm 
ventricular conduction in nglit or left sided hypertrophj and 
dilatation imu( in some my be relafpil (o iUse cojwfihows 

An application of this conclusion ma} be made to patients with 
old fixed hypertension chronic hypertensive nephritis or stenosis and 
regurgitation of the aortic valves tliatis m conditions w hicli unpose 
a heav y burden on the left side of (be heart If a lev ocardiogram is 
found With initial deflections which are widened to 0 10 second 
and with terminal deflections in v>hich the S-T segment and T wave 
IS depiessed below the isoelectric line in Lead I (at tunes also in 
Lead II) (Fig 38) while (he terminal deflection is elevated above 
the zero lino in Lead III these alterations ma} be regarded as the 
result of h}'pertroph} and dilatation of the left ventricle an 
additional ni}ocarcliaI disease need not be postulated The same 
situation prevails m stenosis of the mitral valve and in pulmonar} 
emphysema In these instances the corresponding alteration of 
the right heart alone can j rotluce an elevation of tl e S T segment 
and a positiv e T wave in I..ca<l I and a depression of the S T segment 
and an inverted Twave m Lead III (at times oven in J^ad II) 
(Fig 28) 
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But if the'^ tmcmg'? which are not uncommon nro foimtl m 
patients in whom no rca<!on CMsts or lias existeil for hj i>CTtn>phv 
of the left or right heart (for example, a \amshed li^’perten^ion) it 
IS permissible to conclude from these electrocaiiiograms with 
abnormal terminal deflections the cvistcncc of m3 ocaitlial damage 
Penodicall3 ‘ owgcn hunger ’ (anoxia) of the hcirt muscle or 
coronar} uisuflicienc} ”ha\c been assumed to be present becau»-o of 
abnormal terminal deflections m cases of cardiac li3j>crtroph\ lliis 
explanation also is not satisfactory because an owgen deficicnc3 
of the m3ocardium maintained for 3cars is stvreelv conrenable 
without rapid failure or at least an mcrcasing dilatation of the 
heart 

\Vc behc\e therefore that no “second” 
disease need be added in order to account 
for the appearance of oppositel} direited 
termmat deflections m h37)ertroi)h3 of 
one part of the licart , these luodified 
terminal deflections arc the direct result 
of marked h3pcrtroph\ and dilatation 
\Vlien tliese alterations apj>car, the heart is 
alwA3s profoundh afTccti^ 

Electrocardiograms of li3pertroph3 
with oppositcl3 directed termmat dcflec 
tions are also shown m Figs 42 and 110 
If both \entnclcs alike are altered 
b3 h3pertrophy (for example, m a mitral 
aortic valve lesion) no t3pical niodifi* 
cations arc found in tho form of the 
terminal deflection tlie\ may be altered m the f<ame direction 
(|K)8itive or negative) m all leads sometimes the mam and final 
deflections arc normal because of the summation of the opj>ositcl3 
directed eflects of h3^)crtropII} of both ventricles 

Fig 41 was transicribed from a patient mlh a fiill3 compensated 
mitral and aortic valve stenosis without signs of m3ocardial disca«c 
In this patient who jire«entcd hvjiertrophv of both vcntncles the 
initial deflection is normal the S-T and I wave of I/'ad I and 11 
are deopl3 negative in Lend III the terminal deflection is 
normal but in othf r iase> it ma} also be altered 

The foultng of a rtffht or left axis dctiohoa trilAmif other 
ahnornialilies proiides no inJormaUcm because it is frequentlt/ observed 
in healthy induidufll? // deep S leaecs are present, not only m 
Lead I or III but also in Lead II some probability may be attached 
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io the asmmplion of a hypertrophy proitdiny no ihsturbance of 
tntravenlrtcular cotuiuchon ts present fJ tdentng of the mthal defiec 

tions to 0 10 second, anfi the finding xn Lends I 
and III of terinxnal dtfieettons directed opposite 
to the main deflection can be produced by a 
massiie hyptrlrophy and dilatation of a part 
of the heart lo Lo sure li 3 rjJcrtrophy and 
dilatation of the right or left heart alone does 
not alwnjs produce such electrocardiograms 
but sonic associated though at present un 
knowTi factor (probably a disturbance of the 
spread of the intraventricular conduction) may 
be responsible , the presence of a second disease 
need not be postulatetl 

THE DEEP Q-WAVE IN LEAD HI 

A small Q \\a\e may be seen in any lead 
of the normal eIectrocar<bograni But ns it 
IS often absent no deduction can be drawn 
fiom its failure to appear In hypertrophj of 
the left heart it is regularly fouml in Lead I, 
and in nght sided liypei trophy in I^ad III 
In bundle branch block it is also a common 
occurrence m the lead w ith the high R w ave 

In Lead III the Q w ave may attain abnormal 
depth and in this instance it may have diag 
nostic sigmficance According to the criteria of 
Pardee a Q w aa e m I^ead III should be regarded 
as abnormal when (1) its depth exceeds 25 per 
cent of the ampbtiule of the highest R u ave 
of the jiatient concerned (the R wave in any 
lead and not only of Lead III) (2) when it 
IS the first downw ard deflection of tlie electro 
cardiogram which is followed by a definite E ivaie 
and (3) when there is no dextrocardiogram as 
often occurs in marked nght ventncular hyper 
trophy (tricuspid lesions and congenital cardiac 
defects) 

Fig 42 shows an electrocardiogram of a severe mitral tricuspid 
lesion confirmed by necropsy It reveals a nght axis deviation 
with a deep S w a\ c in Leads I and IT and a high R w ave in Lead HI 
with oppositely directed terminal deflections (caused by nght sided 



lo 4’ Tlie electro 
card Q|!ram of a 
mitral tricuspid 
salt’s tesrort tr/lh 
signs of nght sided 
I ypertrophy and a 
deep Q wasemLead 
III T1 e P wave is 
nepatis e m Lead HI 
and presumably m 
\erted in Lead II 
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cardiac Iiyi)ertroiih\ \ In tlu*! ca*^ the dcen Qj * has no significance 
In the evaluation of ft deep Q whtc in Lead III, one Tim‘’t nhia^s 
’suspect that an upward displaccnicnt of the diajihrogm with a trans 
\ er^e position of the heart may he responsible for it It w as stated 
earlier that a rotation of the heart around its axis can produce a 
dextro or lev ocardiogram a rotation of the heart around an nntoro 
posterior axis can also produce a deep Q wave in Lead III (Mitk 
and \\ ilson) , accorthuglj it is not rare to oh^erv o a Qj grow stimllcr 
or larger or npjiear and vanish with respiration To be sure a 
|)athologital Q j can also become laigeror hiualler during respiration 
Fig 43 shows Lead III of a health} man fift} i»ix jears of age, 
whose circulation was normal from a clinical standpoint The 
electrocardiogram was transcnbetl during qmet, normal ri.‘»pmvtion 
At the begmning of the tracing (expiration) an R wave is ►ceii , 



Fiq 43 (L.oa(] III) Tl e appi>«rAnooore Jeep Q wave dunn;: m pmtion 


during inspiration it becomes smaller , simultaneous!} a distinct 
Q wave develojis 

Isot rarel} one finds a deep Q, in o health} woman during the 
last months of pregnanev as the result of upvranl ihsplaccment of 
the diaphragm and the transverse jK>'«ition of the heart 

Deep Q waves arc a common and nonnal finding in }otuig 
children even as late as the sixth or seventh} ear of life (Knimbliaar 
and Jenks) 

If all these reserv attorn are <on«idcrcd thou a deep Qj is a ver} 
valuable finding from a diagno*>tic standfioiiit In a vast nmjontv 
of cases in adult** coronary sclera is is present According to \\ dims 
a deep Qj coastitutcd the sole abnormal electrocardiographic sign 
in 19S out of 26S cases of h}pcr(oMsion and angina j)Cttons Oni\ 
three iiatieiits among 300 with a deep Q, had normal hearts Suicc 
the npi*cirance of a ileop Q, ma} be the result of coiisiderablo 
ekvatiou of the diajihragm and since it ninv appearand vanish w ilh 
respirator} movements caution must l>e evertisod ju thi cvalui 
tion of an othcrvvi e normal clettroeanliognvm which shows only a 
dcepQwave even if it fulhls the requirements of I*nrilec J»ivtr 
• It thw form of rxj riUKicm tin* ml* fpin m n 1*^ to d^nol** Ih* V-ft I 
under di*cttij on Thua y, rcj>r*"tent« Ihe Q ■wave in Lr« 1 HI 
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tlieleas, the diaco\erj of a deepQj^^iIl alwajs impel one to be careful 
and a\\akon the suspicion of a rajocardial disea‘»o , tins is par- 
ticularly true if anginal complaints, hypertension, or diabetes is 
jiresent If still other alteratiom, though slight, are present m the 
electrocardiogrim.a deep Q3 mij decisively favour the diagnosis 
of a mjocardial di^e^ise 

Fig 44 shows shoit sections of tracings from patients with an 
abnormal Qj The upper senes reproduces tracings which show a 









iio 44 The ek«*tro<*nr(}io{jrnmB qf fi\© co-wv* With abnormal Q Wft\e9 in 
I pat) III T)<e JpaiU of psch arc jilaretl a]o»g‘«ido of espii olJior 

deep Q3 (also a distinct Qj) without other alterations m the electro 
cardiogram The T waves in Leads I atwl II are ratlier low The 
notching of the descending limb of the R wav e near the base luie is 
not abnormal TJie tracing was reconled in a man of sixtj four 
who four jears earlier had suffered from coronary thrombosis 
from which he had completely recovered Since that time he noted 
only after great exertion pam which radiated into the left arm 

The fteeoml series shows a deep ami broid Q wave in Leads II 
and III in addition to other changes in the electrocardiogram The 
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of tho imtul (loncction^t amounts to 0 12 second and T, is 
practically ab«cnt In tliw cos© ^an nd\ anted coronary sclerosis 
old coronary t)irombo«js ?) the presence of a severe myocardial 
disease uould lia\e been assumed e\en in the absence of a typical Q, 
ihe deep Q a\a\o in LeullII hkeany other ^\a^o of tin elcclio 
cardiogram may at times be notched and nidtned This is 
illustrated by the third acnes of tracings m winch the initial deflec 
tions are 0 12 second m width tnoccoaer the aunculo aentncular 
conduction time is prolonged to 0 22 aecoiul and the Twaie in 
I end II IS very low 

In the fourth series it is dilTtcult to determine whether or not a 
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deep 1} waic eaists m I>^a^^ III Although in this lead a deep 
downuanl ileflection ina\ le rcadih seen no distinct Rwine 
precedes it (winch would faioiir an Swnie) but Jikcwi t no 
distinct li wa\e follows it (wJiith wonld favour o Q wo\o) Since 
a distinct Q wave nia\ lie seen in I^ad II tho deep negative wave in 
I^ad III may well represent a Q wave Uoreover the T wave in 
Lead II is abnormal (slightly imcrtwl) Tlie patient from whom the 
tracing was transcribed eiiflcred from coronary sclerosis 

Tho fifth senes was obtained from a patient with a marked 
stenosis of the aortic valves and a coarctition of tho aorta In 
I^ad III a short upnght wave may bo noted this according to the 
mle shoiihl be called an R wave a downward wave follows it uni 
then a V era high positiv e one occurs Tracings of this kind arc not 
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uncommon In our experience tlie higher wave, that xs the second 
upright w av e, must in this ca'« be regartied as an R wave Accord 
inglj a deep Q, is pre'^ent , then the first upright deflection w ould be 
an ” innominate ’wave suite it has not received a special name In 
other vv ords a po'itiv e v\ av e may precede a Q « ave onlv w hen it is 
followed a much larger positive one in whuh circiimstancea the 
latter is the R wave (see Fig 28) Small upright waves of this kmd 
regularly precede the deep Q wave in the third lead of riglit bundle 
branch block tracings recently descnbcd bj WUson (see p oS) 
"Moreover in tins senes of tracings (Fig 44 series 5) theconduc 
tion time is prolonged to 0 23 second 
and the terminal deflection is depressed 
below the zero line in Lead I and 
18 elevated in Lead III 

In Fig 45a (the tracings at the 
left) the diagno«ia of a deep Q wave 
cannot bo made from Lead III since, 
w Iiile the first w avc of tlie initial defiec 
tion IS directed downwanl no distinct 
R wave follows It A di«tmet Q wave 
IS evident in Lead II and is just 
visible m Lead I Accordingly the 
existence of a deep Q w ave may also 
be assumed in Lead III The S-T 
segment is depressed m Lead I and 
elev ated in Lead III 

In Fig 45b (the traemgs on the 
right) a deep Q wave is undoubtedly 
present in Lead III but a deep 
S wave IS apparent m I^ad II and 
ta also prominent m Lead I Here also the S-1 "eginent is below the 
isoelectric Ime in Leads I and II Tj and Tj are diphasic 

Deep Q 3 waves frequent/y appear m children with myocardial 
involvement in diphtbena or rheumatism Fig 40 is a reproduction 
of a tracing transcribeil from a child aeven years of age suffering 
from rheumatic heart disease m an acute stage The Twave in 
Lead II is low and bifid the Q wave ui Lead III is abnormally deep 
But since a deep Qwave in Lead III and a bifid Twave m 
Lead II may be found m normal children the diagnosis of a 
myocardial lesion is impossible 

There has been considerable discussion concerning the po«sibiIitj 
of the localization of the myocardial dtsease which leads to a deep 
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Qwa%e The Me« that a di<ica«c of the po<ftonor pirt of the 
rentncular septum causes the appearance of a pathological Q un\o 
has found most support Other inaestigators adopt a different 
explanation ^^llson believes that theortlcr or speed with uhidi the 
inner surface of the free w all of the left or nght xentncle is aetiv ated 
determines whether a Q uavewillappcarin I^cad I orlll ^loreover, 
It is known that not onl^ coronaij sclerosis ns ls often asserted hut 
other tjpes of mvocardial disease can also produce a deep Qj 

The significance of the Q wave in the electrocardiogram of 
coronary thrombosis will be mentioned Inter (p 128) 

WIDENING AND SPLINTERING OF THE INITIAL DEFLECTION 
(DISTURBANCES OF INTRAVENTRICULAR CONDUCTION) 

As long as the conduction system is intact so that the excitation 
mnj reach all parts of the ventricle ripidl_j and undisturbed the 
initial deflection of the electrocardiogram is recorded in thin 
delicate lines Alterations of cardiac position and cxtrocardiic 
factors simpl} niodifv the amplitude of the iiultvidual waves 
causing one to become ton or to vanish another to enlarge, 
but their form docs not change nor does the initial deflection 
materially widen the limbs of the wave arc neither sjilit nor 
thickened But if in the course of a myocardial disease pathological 
foci develop m the specific tissues disturbances of intraventricular 
spread of excitation result which produce initial deflections tliat arc 
abnormal in width and shape 

As emphasized elsewhere bundle branch block is a revere 
disturbance of intravcntneular comluction m which the direct 
excitation is barred from one xentnclc so that the stimulus at first 
spreads only in the one bundle branch who’^e conduction ls intact 
However pathological foci m the finer raniifications of the 
atrioventricular 8v^teIn bImj lead to disturbaiic-es of intravcnfricular 
conduction giving rcse to widening and splintering of the initial 
deflections 

If a pathological focus has intemiptetl the conduction of 
excitation in a small branch of a bundle a small area of muscle w ill 
not be excited directly through the conduction system hut only by 
the detour over the neighbounng muscle Tlic jiotentials Qpi»ear 
belatedly in theareaof muscle whose activation i-s thus dehved and 
lead to a change of the normal spread of the electrical forces causing 
a widening notching and splitting of the normallv slender urn! 
delicate waves of the initial dcficctioas 

However a widening and slurring of the initial cU flections 
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can be designated as pathological only nhen an earlier electro 
cardiogram of the case iias been recorded and the<!o alterations were 
not then pre«ent If no sucli means of comparison are available, 
no conclusion can be d^a^\n from slight mdemng and notchmg As 
stated on p 2J, slight 
notching of the initial 
deflections near the base 
line may occur normally 
Tins is explained by 
anomihcs in the stnictnre 
of the siiecific tissue Like 
wise sbght widening per 
haps to 0 08 second should 
not bo taken seriously m 
tlio absence of comparative 
tracings since tins remauis 
within the domain of the 
norma] and possesses sig 
nificance only when pro 
viously absent 

But if additional new 
foci appear in one or other 
of the %entricles the widen 
mg as well as splitting 
notching and thickening of 
the initial deflections acquire 
a degree which no longer 
occurs in the normal tiacing 
and immediately permits 
the diagnosis of a myo 
cardial tbsease These 
alicrahons nexer appear 
mthont mtjocanhal disease 
or wiihoiil foct in the ramifi 
caUons of the airtotenlricular 
system (Ihc only excejition 
to this rule a congemtal 
anomaly, is discussed on p 325) Hereagam the electrocardiogram 
alone does not indicate the type of foci present whether an old, 
healed or a recent progressive process exists TJie electrocardiogram 
makes possible the localization of a disease but it does not 
provide any information as to the nature ot the prognosis 
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Tho initial deflection maj bo more than 0 12 second in width 
^ erj often a right or left a^is donation i*! prc«jnt but both ina> l>o 
absent Splitting or notching ina> bo \er> obnous or mn> not lio 
o\ ident Usually but bj no mcana invariable changes are also 
present in tho terminal deflection 

Fig 47 shons sections of seven tracings mth abnormal initial 
deflections In each instance the tlirco leads has e been placed liclon 
each other 

In Case 1 the imtial deflections arc somewhat plump TJicir 
width Ls not increased {OOS second) nor are tho\ split or notched 
The limbs howe\er are slightly thickcnoil and difTcrdistincth from 
the normal initial deflection of Fig 5 IikeiMsoTjislow Ccrtainh 
tho changes are slight and the clcctrocanhogmm ls liordctlmo 
Even if tho initial deflections are onI> 0 OS second w ido, the^ appear 
plump if onij one wa\o (an R tta\e) is present and it is not split 
into sea oral deflections 

In Case 2 tho initial deflection is 0 1 ] second in width In T^nds 
I and II a notched plump S waae in Lead III a short split 0 
IS visible Tlie terminal deflection IS normal Thcclectrocanliogram 
m tliLS case is imequiiocall^ abnormal lormcrh tho small wa\o 
following the R was erronootislv calli^I a negative Pwaae Tho 
electrocardiogram recalls that form of right bundle branch block 
which Ililson has recently described (Fig 28) 

Tho electrocardiogram in Case *1 is nl«o abnormal Here the 
initial deflection is 0 12 second in width and is notchcil in l^ends I 
and III In Lead 11 the QRS complex appears normal since Iho 
plump broad fe wave of Lead I is removed bj summation with tho 
thickened wave in the descending limb of the R in Load III Hero 
also tho terminal deflections are normal (1\ iL«on s block) 

In Cases 4 and 5 the plumpness thickening and splitting of tho 
initial deflection easily recognized In Os© 4 the conduction time 
LS prolonged to 0 22 second The tcmiinal deflections arc abnormal 
the S-T segment in Ix:ads I and II iKing displaced liclow the zero 
line and tho T waves being absent m both lends 

Similar nitemtions arc ev iflcht in Disc r w’ticrc in’i^cadsll anil 
III the initial deflection exhibits splitting producing an M form 
in contrast to the W form of Cases 4 and T (Ix'nds III or II) In 
Case 7 the initial deflection is 0 14 second in w idth The S-T segment 
and the T wave ore normal m Lends land II (INiUon Bright burulle 
branch block) 

In Fig 48 tho heart rate is acceknvtcd Tlie initial deflection i* 

0 14 second in width and is split in all lead ^loreover, it i* directed 
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mainly do« nirard (S ^a^es) in all leads The terminal deflection 
ehous an eleviled S-T segment m Leads 1 and IT 

Onl^ the finding of widening and splintering of tlie 

initial deflection is decisne for the diagnosis of morbid foci in the 
heart muscle On the other hand it is not permissible to conclude that 
the heart muscle is intact if no alterations are present in the initial 
deflection Eien (he most extreme mt/ocardial disease may be accom 
■panted by xmtial deflections of normal tndlk and shape If the c\pcri 
ment of Eppmger and Rothljera-'r ls repeated and profound injury of 
themjocardiuu] is produced t *1 injection of corrosive substances 
into large areas of both ventricles the 
imtial deflection is altered to the extent 
that some of the waves become larger or 
smaller etc But widening or thickening 
of the initial complex does not appear 
since the excitation by means of the 
normal conduction system proceeds with 
normal velocity to all those parts of tho 
ventricle still capable of response Tho 
slight alterations in the amplitude of tho 
waves are produced simply by tho dis 
appearance of potentials of tho necrotized 
sectioas of heart muscle 

Only wJicn patliological foci occur 
in tho specific tissue do alterations 
(splmtenng and widening) apiicar m the 
initial deflections Smee the atnoven 
tncular sjstera is separated from the 
common muscle and since it has its 
own blood supply it does not necessarily 
become involved in diseases profoundly 
affecting tho common muscle Acconlingly cases of coromrj sclerosis 
may be observed in wluch the cardiac muscio is very necrotic and so 
full of scars and cicatrices that scarcely a single healthy area can 
be found and yet — for the reasons mentionctl— during hfo the untial 
deflections were not widened In other cases a ver^ considerable 
widening of the initial deflections ma> appear without anj essential 
alteration of the common muscle This may occur if the disease 
cxclusivel} involves the specific tissues as for example, when the 
V cssels of the conduction system alone are affected 

When in a levocardiograra tho widemng and sphntonng of the 
initial deflection gradually increases and tho terminal deflection 
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IS correspondinglj changed, a picture almost of the common ti-jw 
of bundle branch block is reproducecl Fig il 5) show-s 

n transitional form The difliculties of thflfrc/Uial ilngnosia 
Mere stressed earlier (p 68) OJien a di*h/c/i<A m im;>o«nWe 
Earlier the point was stresseil not to make the diagnosis of bninilo 
branch block too frequently and not to diagnose “incomplete 
bundle branch block” in every patient «i*h i widened or a split 
initial complex 

ABNORMAL ELECTROCARP^OGRAMS WITH SMALL 
EXCURSIONS 

ELsewhero (p 47) refcrenco was made to the fict that sestre 
myocardnl diteiso may be nssotiatcd with small dencitions m the 
clccirocartliognim Before an 
attempt IS made to mtcrpnt thw 
finding, a careful standardization 
of the apparatus (with the, jiatient 
included in the circuit) is cssenliil 
Myxeedematous alterations of the 
skin or tlic presence of a pern aniw! 
elTiiston must be rukii out Itio 
exciiraions must l>o very sninll in 
o//lea<ls .Small dcHptlion'« in only 
one lead iinv Iki produced hi a 
particular j>f«it ion of the heart and 
ns mentioned earlier, nl-o occur m 
hcnltliv mdiiiduals 

Fig 4J) shows very small excur- 
sions m a case of coronary sclerosi<» Tho T waxes are almost 
inxisiblo and the initial defleclioiw are very small 

Also in Fig 47 (Case 4), apart from other signs of niyocirdml 
disiase, the deflections arc s-mnll 

Small deflections of tho txpc mentioned are rcgmlcd bx mmo 
WTitcrs ns a consequence of a dilTu^o disease of the my m inlnim for 
example, mxocarilial fibrosw \Mnlc Ibis in’icrprctn’iion is >^omc 
times xahd, for manx cn«es it ocrtainlx does not hold goo<l Jii 
coronary thrombosis, that is, xx hen the my ocaninl damage is tin urn 
scnlicd, tho excurbioiis frequently arc small If «uih a jmticnt 
rccox ers, the nmpbtudo of the dcflcctiona grodunllv becomes greater, 
an occurrence which would be impotssible in a myocanlia! fibrosis 
If a patient whovc electroeardiogram after a coronary thrombo-is 
had shown small excursions dies, occasionally one finds at necrojNy 
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a sxngXt largo but circumscnbod necrosis together \v itli a fo« cicatnces 
but not diffuse mjocardial injury The reason for the do\elopment 
of ‘ small deflections m the electrocardiogram of ocardial 
disease is still unexplained 

ARBORIZATION BLOCK ELECTROCARDIOGRAMS 

In 1917 Oppenhcimcr and Rothschild described electrocardio 
grams uluch shoued iiutnl deflections which were markedly split 
^c^y wide and low The«!e alterations were ascribed to a disease 
not of tho main bundle branch but of the finer ramifications of the 
atrioventricular aj stem and for this reason it w as called arbonration 
block Tins explanation was contested for a long time and the 
specific classification of these tracings was frequently denied even 
at present many authorities consider that an arborization block 
should no^ or be diagnosed as a separate electrocardiographic entity 
Repeatedly tracings of this I ind have been erroneously ascribed to 
partial bundle branch block In the authors view recent 
investigations haao tended to confirm the opimon of Oppenhcimcr 
and Rothschild 

In nmnnl experiments an arborization block can be produced 
only with great difficulty oicn xcry extensive lesions of the 
ramifications of a bundle branch no\cr evol o it Tins observation 
alone pro\ es that more than a single partial bundle branch block 
exists 111 arl onzation block cases In animal experiments a wade 
variety of disturbances of conduction in the ramifications of a 
bundle branch are readily produced but the cloctrocardiograpluc 
picture described by Oppenheimer and Rothschild is never found 
Howev er suitable experimental arrangements show that arborization 
bloclc electrocardiograms appear if a very extemne disturbance of the 
spread of excitation occurs in the periphery of both ventricles for 
example they are produced -when one branch is completely inter 
rupted and only a small brancli of the other remains intact and 
constitutes the sole path of conduction of auricular stunub to the 
xontncle (Seberf Slahaim) In this instance from tlie solitary 
circumscribed area at winch the impulse reaches the ventricle it can 
spread over the aciitncles only t»« the common muscle tins 
might very well lead to the tracings described (Rothberger) since 
the conduction of the common muscle is much slower than that of 
specific tissue 

It IS understantlable tliat such extensn e injury of both ventricles 
can appear only in severe myocardial diseases Actually the arboriza 
tion block electrocardiogram is encountered only in severe coronary 
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sclerosis, in luetic myocardial diccnso, m most severe mvocirdilL-' 
Onl^ rarely docs it appear as a result of earlier dL«ei«ip, erj 
diphtheria , usually a progre«5sivo mnladv is present Despite tlio 
absence of other Bigns of senous heart disease, the dtscovcrv of an 
arborization block compels one to offer n jwor progno'is 

In diffuse injury of numerous branches of the A-Y sjfifem. large 
areas of muscle arc no longer simiiUnneousl^ actuated, for flits 
reason no largo potentials are formcil and the deflections are Finnll 
This ofcuTs because the actuation of single areas of lioth ventricles 
proceeds sequentially rather than simultaneously, and the cstifa 
tion cannot proceed along the rapidly conducting >«pcci(ic fibres, 
such markedly abnormal spread of e\citafmn leads to notched 
split and thick waves 

In Fjg oO there is an nccelcriteil 
sinus rhythm with abnormal P waves, 
tlie auriculo ventricular coiuhiction time 
IS prolonged to 0 20 second The initial 
deflections arc low, 0 17 second in widtli, 
notched thickened, and split The S~T 
segment in }>ead I is deprewod liclnn 
the zero hnc ami the T wave is inverted 
Acconhngly nrhonration block pro 
sents (I) very broad and (2) very small 
initial dcflcc(ion«> The width of the 
imtnl diflections always exccctls 012 
second ami may atlnm 0 2(V seeontl, 
whilst the amphtiido should not cxcecil 
•< mm (fiicflsiired in the ujinght exewr 
fiions from the upper bonier of the isoelectric line, and in the 
inverted waves from the lower bonier) The S-P segment like the 
Twave, may be entirely normal but l>oth ma\ exlnhit rhangc'« 
A lev ocirdiogram or doxtrocardiogmm mav, hut ncetl not be 
present 

Since the limit of 4 mro in amplitude if somewhat nrbitrarv, 
obviously the decision whether or not a bundle branch block with 
low initial deflections or an arborization block exists u, at times 
very diflicult All tniuitions between the various forms occur 
Since the minimum wailth of OIJ second nl«o i-s arbitrary, 
transitions also exist lictwocn simple widening of the initial 
deflections, considenKl in the preceding sections, and nrhonzatiori 
block 

In Figs 51 and o2 additional tracings of arborization block arc 
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reproduced Hero also the marked widening and spUttiiig of the 
a ory low initial deflections is stnking The tracings show that the 
terminal deflection need not as in bundle branch block be directed 
opposite to the initial deflec 
tion But w hen the excursions 
are somewlnt larger and a 
right or left axis doi lation w ith 
oppositely directed terminal 
deflections is present it may 
at times be difficult to defer 
mine w hetlicr or not a bundle 
branch block exists 

In Fig 51 a chest lead 
IS included (see p KiO) It w 
interesting to note the same 
largo excursions that are 
seen in bundle branch block 
tracings We have observed 
this finding frequently m 
arborization block tracings 
It must 1)6 admitted that 
to some extent it stands in contr idiction to the explanation of 
arborization block advanced in the preceding sections 

It is quite possible that cases in which largo deflections are 
found watli chest leads (as in 
Fig 51) some disturbance of 
intravcntncular conduction other 
than arborization block is present 
a bundle branch block with small 
ilcflections might be responsible 
We would suggest that the 
diagnosis of an arborization block 
be made only m cases w here the 
chest lead also shows the lotc 
and widened ventricular com 
plcxes 

The practical significance 
of the presence of arbonzalion block is great suice it indicates 
very extensive and very severe myocardial disease In this point 
consists the great cU/Terenee betneen arborization and bundle 
branch block smee the latter may be caused by a single small 
lesion 
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THE ABNORJIAJ, S-T INTERVAL AND THE ABNORMAL 
T-WAVE 

General Remarks 

In the eirlior sections cmpliists has repcate<ll\ liecn placoil upon 
the fact that diseases of the propulsito cnrtlnc nm''Plc pnKhico no 
noteworthj widening or splitting of the initinl deflections c^ciiif lliov 
cause necrosis of hrge areas of muscle Only «hcn hrinchcs of the 
conduction sjstein are inxoixcd, that is nlien djsturhnnocs of tlio 
intravcntnciihr spread of excitation occur, arc ahnoriuxlU v ulcnwl 
and split initial deflections found 

It ts still impossible to ovplatti wly no uidoniiig of tljc initial 
deflections appear following a general mjur\ of the imisclo alnno 
(for example in fatt\ or hroun degeneration) This lieliaxiour 
could bo understood if the aflcctcil nrev of imisilo die<l , then it 
would bo doNoid of teacUon for onl\ tbos(> of the musrlo 
vluch remain alne produce electrical forces, the initial deflections 
which develop differ from the normal but widening is absent 
The absence of w idening of the imtial deflection is mcomprchenfiiWe 
howexer m cases in which the muscle is merely damaged but still 
reacting Experiments on exciseil strip? of xcntriciilar mu«cIo 
shoxx that mtoxications for example xxilh digitalis lead to the 
same disturbances of conduction ns those xihicli are found in the 
sjiccific tissue On tfio other hand, it should not Iw forgotten that 
actuation of the xentncle proceeds from xiitbin outwnnl and the 
path of excitation in the common iiiiisclo is short 

On the basis of these obscnations a normal status of the heart 
muscle cannot bo deduced from the absence of widening or of 
splitting (notching thickening) of the initial deflections 

Howexer another section of the electrocardiogram is also 
associated with xcntricular nctixil^ the termmnl deflection This 
reacts more sensitixcl^ to alterations in the Iicart muscle esjKrnllv 
to changes in the bod^ of tho muscle, and shows clinmctcristic 
modifications of form more obxiouslx than the milml deflection 
rormcrlx the Twaxe alone was rcgaitlcd ns the ' terminal 
deflection But clinical cxpencncc during the last ten jears Ins 
shown that the form of the S-T iiitcrxal Ih' h-T eegmml wbicb 
lies between the initial deflection and tho T*waxo wimetimcs pas 
Fcs.<es greater pignificancc in the appraisal of the heart muscle than 
tho T wnxo Itself Since the S-T aegment gruluallx' merges wiili the 
T wnxo and since under pathological conditions, tho separation h 
often impossible for example, m bundle branch block, the two 



ABNORMAL TERMINAL DEFLFCTIOLS 93 

sections are best considered together and discussed as the terminal 
deflection 

The great sensitivitj of the terminal deflection may be presumed 
a priori The initial deflection de\ elops as the i-e-jult of t Jio activation 
process This proceeds with remarkable rapidity and indicates 
phjsiologieally an anovjbiotic aphttuig of the aaulnblo material 
Tins eient is less ea«ilj disturbed than the more complicated and 
more slowly evolving process of restonng material for the nest 
evcitation it is this latter process which produces or accompames 
the terminal deflection 

In agreement with tins conception it has since Ssraojloffs 
studies repeatedly been found that the most diverse interference-' 
vvhicli fail to affect the initial deflection marl edly change the form 
of the Twave To be sure under such circumstance'* an exact 
study reveah that the initial deflections show slight alter vtions m 
the form and sire of the waves But thc'io changes are less marked 
m tho QRS complex that k completed in a short time and ai-e lc«s 
striking to tho eje than the modifications of tlie sluggish terminal 
deflection Often tho tracing must be carefiillj inspected in order 
to discover that one wave has become somewhat smaller another 
higher a small Qwave appears an Swave vanished etc TJiere 
are no distinctly perceptible alterations of tlie direction of the 
excursion and the width of the initial deflection 

It is easj to prove the imlependence of the terminal deflection 
If in an animal experiment certain branches of tJio sj mpatiictic 
nervous s^’stem are stimulated veiy IiighT waves appear chmcally 
largo T waves are seen in hyperthyroidism and in many cases of 
cardiac neurosis with high symipathctic tonus If the branches of 
the sy mpathetic sy stem to tlie heart of a dog are cut the T w a\ es 
become deeply inverted If ccitnm areas of tho heart muscle are 
cooled or warmed the f waves Iwcome positive or negative 
cooling or warming other sections produces T waves with exactly 
the opposite form In tlie samo way transient alterations of the 
T waves have been observed m men after ingestion of cold drinks 
since the cooled esophagus and the cooled gastric wall can chill tho 
adjacent sections of the heart muscle and thus alter the activation 
process (Wikon and Finch) Digitalis hke other poisons (for 
example morphine quinine) can detasively change the foim of 
tho terminal deflection In all of these instances no noticeable 
modification of the form of the imtial deflection is observed 

In spite of its great indepondenco tlie foi m of tiie T w av e 
depends to a v ast extent upon the form of the QRS complex The 
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process of Teco\er% from excitation w}nc}i is responsible for the 
T Ma\e 13 influencetl bj the course of the actuation process itself 
and the form of the initial complex co-detcrniincs the form of the 
terminal deflection But this rcUtionship should not l>o iiitcrprete<l 
to mean that the appearance of the terminal deflection can Ik. 
deduced from the form of the initial complex since m addition the 
form of the T «a^e is influenced bv man\ other factors In the 
health} muscle recover} from excitation proceeds dilTerenth than 
the excitation process itself (p 15) this difference ls e\en more 
marked under pathological conditions Thus no predictable terminal 
deflection must inaariabl} follou a certain t}-]!! of initial complex 
\crN often an abnormal terminal deflection is noticed after a widened 
and othermse abnormal initial complex but 03 mentioncil earlier 
the initial (umplex of arborization block the uidest and most 
aphntered kntwn ma} be folloneil b} an entirelv normal terminal 
deflection There is no inxanable connection l>etiveen the amplitude 
of the initial deflection and the size of the T nave smci n \er} large 
T ua\e may follon a ter} small initial deflection f r a small T nave 
mat occur after a large initial complex 

Apart from the manner of spread of excitation m the heart an 1 
apart from tlie tonus of the caixhac nerxea (Imlhoxcn Bothliergcr 
and mterberg) the form of the T waxe is mfluenceil b\ 

1 The position of the heart A transverse position of the heart 
ma} produce an mrerteil rxinxcmLcad III nJo« diaphragm v ith 
a median placed heart ma} be associated with a verx low 1 waxo 
m Lead I (tig 17) times the mxerted T wave in t/jad III is 
obsened onlx during a defimte phaKO of respiration and corre 
spending toa certain po-<iti(morthednj>hmgm(l ig T>) Theapjiear 
ance of T. is al o affected b\ alterations m the form of 1 1 and Tj 

2 riie condition of the skin Not onh in tho completclx 
dexeloped form of ni}xa’dcmn but also m canliac patients with 
chronic decompensation the skin w dr} and seal} so that the 
T wave max l>ecome xcr} low (‘*ec p 46) 

3 Fffusions Effusions in the thorix cedema of tho skin and 
espcciall} pencauluil effusions produce small and often abnormxll} 
formed T xi ax es as w ell as a reduced amplitude of all the other w ax es 

■I C-ardiac h}'pertroph} and dilatation Earlier (p 73) refereneo 
was made to tho fact that cardiac Ii}’pertrophx and dihtntion max 
nl«o produce alterations of the ternimal deflection since tho latter 
assume a direction opposite to tho initial complex 

Accordingl} the finding in a case of left-sided h}|Krtroi)h} of a 
negatix e terminal deflection in Lend I (and iierhaps also in Ix^ad II) 
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oi m a case of right sided liyx»erfrophj of a negative terminal 
deflection in Lead III (perhaps also m Lead II) does not without 
further evidence warrant the conclusion that mjocardial disease 
{mjoearditis nijocaribal ih^ncrahon etc) is present But if 
these alterations of the terminal deflection are found without anj 
evidence of hypertension past or present without a lesion of the 
aortic valves or without any other known reason for the presence of 
cardiac hypertrophy they are always indicative of a myocardial 
disturbmce (see p 78) 

5 In the appraisal of a terminal deflection consideration must 
aIviay8begi\cntothe possibility ofadigitahseffect since digitalis can 
os will bo shown (p 101) decidedly influence the terminal deflection 

The Different Types of Abnormal S T Intervals and Abnormal 
T-waves 

The length of the S T segment m the normal individual shows 
such decided variations that with few exceptions (see p 108) up 
to the present time it Ins been impossible to draw any conclusion 
from it The length nicre-ises with more prolonged duration of 
systole Any disturbance wlucli shortens systole also shortens the 
C-T segment (tachycardia excitation of the syrnpathetics) 

Since nonnally the S-T segment may he slightly above or 
below the zero line caution must be exerted in the appraisal of its 
form before definite conclusions are drawn 

The abnormal S T segment may lie above or below the zero 
line beyond the limits described on p 23 There are three 
possibilities — 

1 The S T segment max depart from the descending limb of 
the R wave or the ascending Lmb of tlie S wave thereby ahowmg a 
displacement m the same direction as the preceding mam wave of 
the initial deflection and originating from it before it reaches the 
isoelectric line These changes are discussed in the chapter on 
coronary thrombosis pulmonary embolism and pericarditis 

2 The S-T segment begins at the isoelectric level but it abruptly 
ascen<l3 immediately after leaving the R w ave and forms an arcli 
whose ends are at the zero line but whose centre is displaced upward 
in the same direction as the R wave Tins variety of S T segment 
is frequently found m pericarditis (see p 132) 

3 The S— T segment may be displaced in a direction opposite to 
the mam w av e of the initial complex m other words w ith a positive 
initial deflection it may run below the isoelectric line whilst it may 
run above the hne when the imtial complex is directed downward 
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Ne\erthele‘w it begins at the i«ocIectric Imo riiCMj altcnlions of 
t/ie S T segment are mrch the •wiiio in a[I leads and frequently but 
not imanably «sboM an opposite direction in Lead I and III thc\ 
arc encountered in mjocanbal injuries of the most dneiMi t\j>cs 
but especially tn diseases of targe areas of tie I earl inii*cle (ditTii'^ 
coronary sclerosis cttensi\emyocarditi'» brown at ropliy iniuhnncetl 
carcinomatosis and general intotications) If the myocanlia! 
disease is limited to one \entncle then the S-T segment is usimlh 
opposite to the mam deflection m Lead I or onU in Lead III In 
injuries which aflect the entire heart frequently we find the same 
displacement of the S-T segments in all leads and coiL«cquenlh 
(according to the nile of Eintho\en) mast marked in Lead II 

AnabnormalS Tsegmentmay bo followed b\ a normal T wa\c 

Until recenth these abnoriiiahties of the S T segment were 
neicr mentioned tlici are now empliasired os common an 1 
important findings often they appear earlier than tiianges in tl e 
Twaaos and their incidence is higher Isolateil clmiifees of the 
T aaaves with norma! S-Taegments occur u ually hut lut cvclusneU 
with circumscribed anatomical legions (maomalacm maocarditis) 

Theabnormal T waicscan beauI«liu<?«J into fiiegrowps — 

1 The abnormalU low T wa\o (under 1 o mm ) 

2 The complete absence of the T w a\ c 

3 The dipliasic T wave (at first a negatnc and then a jiosilne 
phase or less often the opposite) 

4 The inaertcd T waac 

5 The high jwsitivc T arnve 

Simc normalh or as the result of changes m the position of the 
diaphragm atypical T waves may femjtomnia l»e fminrl iii 1 
III only I^ads I and II come under considcrntimi in the ilmicnl 
evaluation 

Snee the T wave like (ho QUS complex is rcganled as the sura 
of single potcntnLs from numerous segments of muscle of both 
ventricles the disapjicarance of potentials ns a result of disease of 
one or another area of maisclo may cause a positive f waactolteeome 
even higheror a negative T wave to become jiositivo riias occasion 
nllv one sees very high positive T waves apjiear after a ooronarv 
thromhosLs Afteranexercisotestin patients with coronary nenor'is 
the inverted T waves usuallv become higli for a few minutes 
ji 145) However since eomjKirativo values are not avnilal lo as a 
routine and since a positive Twavo represents a normal iimlmg 
conclusions can hanlly ever bo drawn from a ^ wive 

Onlv the four otlier forms of abnormal 1 waves cm 1 
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The Abnormal Terminal Deflection m Different Lesions of the 
Myocardium 

In Tig 53 short sections of tracing*) (witlj the tliree leads showTi 
under each other) arc 
reproduced from ''e\en 
cases m uhich the 
T a\ e or the S-T seg 
ment are abnormal 

In Case 1 a deeply 
inverted T )) ave appears 
in Leads II and III in 
addition to an abnormal 
Q waa e in the same 

tion and the S-T seg 
ment is otherwise nor 
mal The patient had 
coronary sclerosis and 
suffered from anginal 
pain upon exertion No 
positiae eMdenco of 
coronary thrombosis w as 
present 

In Case 2 there is 
an abnormal notch in 
the descending limb of 
the R u ave in Lead I 
a short but broad and 
split Q w avo m Lead III 
The S-T segment is 
slightly depressed in 
Leads I and II the 
T w ave is almost in- 
1 isible m Lead I and 
It IS deeply inverted in 
Leads II and III The 
electrocardiogram a\ as 
obtained from a ca«io of 
acute my ocarditis 

In Case 3 a moderately seaere stenosis of the aortic aalve was 
present m addition to an acute myocarditis after tonsillitis The 
imtial deflection is normal except foi a small notch m the ascending 
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hmb of tlie R m 'i\ o in Leads I ami III Tlio S-T ^oginont is norm il 
in all leads In Lead 1 the T wa^o ja jitat M'<ible as a negntne wa\o 
and It is in%erted in Leads 11 and III ^Mlen the niNocnrditis 
subsided the T ua^o beenmo dwtmttlv poMtiie in I>?a(l I b-ireh 
so in Lead II 

In Case 4 a mitnl aortic vaUc lesion with decompensation was 
present The initial deflection is plump notched and 0 10 second in 
width The T wn\e8 arc ncgati\oiiiall leads Sirieeasc\croli\jfOr 
trophj of both sides of the heart existei! the existence of a inxocartlml 
disease cannot without further information bo diagnosed from the 
accompanying clectrotartliogmma (m* hig 41) 

Case I had se^ere rheumatic ft\cr Clmieal cxnmuntion of the 
lieart discloseil nothing abnormal In the eleclrocanbogratn there 
13 a plump low initial deflection in all leads ns well ns a depressed 
S 1 segment and a negntue Twaic in I^ads II and III This 
finding IS indicntno of a ni\oeartlitis 

Todetemiine whether the S Twgmcntis located on b!>oi e or lx.Inw 
the *oro Imt U is best for the beginner to olaervx the isoi leetric lint in 
diastole if before the I'waie of the following l>cat and to jrojict 
this let el bo(ktrarl to the S-T segment under micstigation 

Case 0 was a twenty four jcar*old girl with a deoompensntti! 
hyTiertcnsion caused b\ chrome nephritis ^Ioreo^c^ a setero 
myocardial injury of unknown gene«is cxistcii The elettroennlio 
gram was transcribed jinor to the administration of digitalis to 
which the heart did not react The S-1 segmints an deprtsa<*<l in 
Lends I and II and slightly elesated in Ix-nd III the 1 waits an 
almost insisiblc in Ix-uds I and 11 and abghth mitrttd in Ix-ad III 
The elcctmeanliogram does not in nn\ way represent th( t\jK m 
which the after deliettioii is opjiositeh directetl ns in hyiicrtropln 
of the left heart but unecjiinocnlly reveals myocirdml disease 

Tracing 7 was obtained from a sixt\ fi\i tcar-oM patient wlm 
was suffering from extreme caebexm ns n result of an inoptnible 
gastric carcinoma The Might notch of the imlml delhction is 
lornmon at this age The depression of tht S-i segments anil the 
low r w a\ i s in all leads are produces! b% brow n atrojiliy of tl e In art 
muscle tilts interpretation was confirmed by nccroj --x One pari 
of till 1 wa\eiH;r^>o//ydispIa«'dlKlow the isooletlne line w itli ihr 
S-T segment For this rcasjm one tan in «urh cases aLsohjxakof 
a diphasic T wn\t 

If during the devilopment of a myocarditis an opitortunilx ts 
nflonledofrKortliiigtltctrocardiogrumsrcjMMtetlh one tannl tunes 
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observe the T na\c gradualjy become lower then clisappcir and 
finally become inverted In recovery from a myocardial injury the 
change in the opposite direction may be seen much more frequently 
Tlie'ie changes do not ncceasanly follow ont another in legular 
sequence a positive T wave can become inrerterl without an 
intermediate stage and tice lersu or more accurately the mter 
mediate phase fionietnnes passes so lapidly that it cannot be demon 
strated 

Some observers support the view that from a prognostic stand 
point inverted T w a\ es are less favourable than almost invisible 
Twaies since they indicate more profound myocardial damage 
Serial examinations conducted m one and the same case may 
demonstrate that this assertion is true But ivhen the patient is 
seen for the first time a very low as well as an invisible diphasic 
or iiaerted Twate must be designated as abnormal but it is 
nnjuatifiable to draw more far reaching conclusions fiom the various 
forms 

In old age (in patients over sixty five) alterations in the terminal 
deflection are frequently' found more rarely also in the initial 
deflection although the patient does not complain of cardiac 
symptoms The alterations m the electrocardiogram are nearly 
always attributable to coronary sclerosis they may remain un 
changed for years and for this reason from a prognostic standpoint 
should not be considered absolutely unfavourable They have more 
serious significance only uben they develop and progress rapidly 

Occasionally bifid and reduplicated T waves may be obser\ed m 
the course of canhac diseases (Fig 80) They are found m normal 
children Fig 80 (Case 5) was obtained fiom a three year old 
child ill with acute iJieuniatic fever right sided lobar pneumonia and 
empyema In addition to a emus tachycardia one may perceive a 
reduplication of the T w are in Lead II and in tho chest leads taken 
from the cardiac apex and the left sternal border 

One cannot draw conclnstcms concenvmg iht type of cardiac disease 
present either from the disturbance of iidraienincular conduction or 
from abnormal T tcaiea Hat ts from the electrocardiogram alone 
Abnormal T xoates are found m general diseases of tho heart muscle 
(m the sense of a degeneration or intoxication) as well as m localized 
processes (myocarditis myomalacia diphtheritic necroses etc) 
An abnormal S T segment h found m generalised damage of the 
entire heart or of one chamber raoie rirely in local processes and 
only during definite stages of the disease 

If in a patient with an otherwi c unexplained persistent tern 
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pcnturc an abnormal T wa\c apiKHrs, a m>oumUtvs ma\ U 
assumod even in the absence of other canlmc findings nbnornni 
T\\n\os occurring m jwtients with angina jiectons suggest an 
organic alteration of the cardiac muscle conecqmnt to coronar\ 
schrosis or to lues If a patient consults us for gastro intestinal 
complaints such ns a feeling of fullness and ihstcntion but lias no 
cardiac sjinptoins frequently tiu electrocardiogram nloiK slioi\fi 
the presence of coronary sclerosis which mtlieearh stages products 
only gastro intestinal synijitoms m a great innriv casts In endo 
cartlitis or rheumatic fc\cr the elcctroeardiogram nlonc may nvtal 
the participation of the heart muscle Obsertations in recent \t irs 
hate tbsclo ed that all of these elmeases of the heart (ten in ttn 
adtanced stages frequently protliicc no change cither in the si/i 
or sounds of the heart so that tht ilectrotardiograni alone makes 
the correct diagnosis pos.sible In this eonnoction it ls imjiorfuit 
to realize that in certain acute di eases of the mtocanlitim tin 
apjicnrance of the T waves mat change \iry rapidly and within a 
short i>criod lhj> behaviour is found in acute mfictious ilistaws 
m pneumonia in tlie rheumatic do-eases of the myoeanluim 
in coronart sclerosis and lhrombo•^ls etc A single eloetroeartlio 
graphic tracing does not sunicc in orthr io reach a f/fci*ii»i 

o/fen dadii electrocanfiojraw* must it recorded for a loiuj time 

If during lobar pncunionm or in the course of main broiuho 
pneumonias or after an apparently harm!c«s bronchitis tonsillitis 
infectious disease etc the condition of the heart is watelud oni 
itiay lx. surprised bt the extent of the transient alteratiims which 
an sometimes found in the electrocardiogram In eases of rhi uniatic 
feicr electrocardiographic examinations when rejKafetl daily fir 
a |>cnoil liaxc aKn shown that tin iiuoemluim is afTteted at 
hast tcm|K)ranh in the course of escry rheumatic ili-^-nse 
riicM? niterntioio. are ascribed to foci of myocardial inflammation 
ami jK)s.sibly to yascular lesions wliith m tin courve of the rlieuiiialic 
niyocanlial di-eascs lead to the occlusion of the small ycssiN A 
suujJac situation prevads in ^lenarteritis nodosa 

The majority of abnonnal clectnicaoliograms taken during luul 
shortly after tonsillitis actimlly may l»c a result of myocarditis nr 
they may be caused by toxic influcnecH 

In acute nep^nfM Uie clcitrocanliogrim is often changed 
riie alterations are iisuilly found duntig the netitc stage ami siih 
eoquently recede They rapidly ftpjioar and di aj)i>enr Onhnarily 
the imtnl complex is iinaltereil while tin T wnye in I^ad I i^ 
frequently inyerted or mvisiWe, in I.<od HI the 1 w»yi may 



ABNORMAL TERMINAL DEFLECTIONS 101 

become more po^-itive than before the onset of the disease Chest 
leads may sJiow striking changes 

It IS \erj probable that these alterations are induced by vascular 
spasm which accompanies ncnte nephntis and by the acute strain 
to which the left Nentncle is first subjected Allergic and tovic 
phenomena al«o play a role 

The appearance of inverted T waves soon after smoking, a 
regular occurrence in some patients, has been observed by some 
investigators (Starr, Graybiel and V^iite), and has great practical 
significance However, it is by no means a common occurrence 
It has been known smcc £mtho\en that abnormal T waves may 
indicate myocardial disease But it was soon discovered that normal 
T w avea may m some instances persist despite severe myocardial 
disease , moreover, since the great sensitivity of the T w aves to 
external influences has been realized, an unduly critical attitude 
going far beyond what is necessary has developed If due con- 
sideration 18 given to all the facts cited above, if it is remembered 
that the appearance of alterations of the terminal deflection or 
otherwise depends upon the location and extent of the foci in the 
m>ocardium, if it is not foigottcn that only foci located at certain 
places may flatten or invert T waves while those situated m other 
areas may produce perfectly formed positive T waves which may 
bo indistinguishable from normal T waves, if attention is paid 
to all the extrinsic factors which may alter the T-wave (hyper- 
trophy, digitalis, status of the skin) and if one has learned to 
e\ aluate the findings only m conjunction w ith the climcal symptoms, 
then the electrocardiogram furnishes incomparable evidence for the 
appraisal of the mj ocardium 

A ■prognosta should neier be based o» the alleraCiona of (he temnnal 
deflection alone without conaideralton of ike clinical data Moreover, 
the most profound mieraion of the terminal deflection may disappear 
entirely and the patient may live hta entire life without cardiac com- 
plaints or signs of cardiac disease Here also the electrocardiogram 
merely svpiilemenls the results of chnwal examination 

Alterations of the Terminal Deflection from Digitalis 
Alterations of the terminal deflection after the admimstration of 
digitalis were first obsened by Nicolai and Simons and were studied 
by A E Cohn Since that time an enormous amount of literature 
has been written on the clinical and experimental aspects of this 
subject As the result of premature conclusions, unjustified 
generalizations, and through animal experiments performed under 
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result of digitalis, still more displaced iii the same direction 
(Winternitz) 

Sometimes these alterations are limited to the first lead, some 
time's to the third, but very oiten they are present in the same 
direction in all leads They may appear in normal indiv iduaU as 
nell as in cardiac patients and m decompensated cases may occur 
even after very small dos^ of digitalis, whereas they may fail to 
appear after large doses The presence or absence of alterations in 
the electrocardiogram does not give any indication as to the amount 
of digitalis previously administered At times the terminal deflection 
changes its form as early as twenty four hours after the adminis- 
tration of three doses of 0 1 gm (IJ grs ) of assayed digitalis leaves , 
on the other hand, sometimes changes fail to appear even after 
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Jtio 5 Sa nnd b In a aowulsr fibrillation with low po^itne T wave^ is 
prrHent. m b oTter treatment uith diptalis Minus rbvthni appears 
Note mvertod T wates and deprwped S-T sepnents Tbo P wa\e3 
are lery large 

0 iigm (“Jgrs ) ha\c been given dolly foi twoweeks Thealterntions 
may persist as long as three weeks after the discontinuing digitalis 
The tracing reproduced in Fig 55a was obtained from a patient 
with mitral stenosis There was auricular fibrillation and the 
action of the teiitncles was fast and arrhythmic But the form of the 
initial and terminal deflection was normal 

After six days of treatment (thiec suppositories of digitalis daily, 
each contauimg 1 6 cat units), smus rhythm appeared (Fig 55b) 
The P-waves are broad and large As the result of digitalis the 
conduction time is prolonged to tho upper hmit of normal (0 20 
second), in Leads I and II the S-T segments are deeply depressed 
below the isoelectric Ime, and the T waves are absent 

The factors which are responsible for the appearance or absence 
of these alterations are still imknoivn The situation is very com 
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the myocardial necroses after cligtialis are found m the same animals 
(cats) in which distinct alterations of the electrocardiogram occur 
ns the result of the adminiatrition of digitalis In dogs where 
digitalis cumulates but slightly and produces onlj minor alterations 
m the ventricular electrocardiograms the necroses also fail to appear 
In support of a connection between the mj ocardial necrosis and the 
alterations of the terminal deflection is the fact that it is more 
difficult to obtain m acute experiment the depression of the S-T 
segment and the mversion of the T wave after digitalis than it is 
with prolonged administration 

It does not mean a great deal if alterations appear m the electro 
cardiogram after moderate doses of digitahs and the histological 
examination fails to disclose any necrosis The alterations must 
bo seiere before they are histological!} demonstrable There are 
manj transitional disturbances and a wide variety of myocardial 
injuries are not susceptible to histological demonstration 

With due reservation thc^e observations permit certain con 
elusions on these relations ns they exist in man and seem to give 
support to those investigators who advise to conduct digitalis 
thernpj in such a manner that as few changes as possible appear in 
the terminal deflection 

After the admmistratioD of largo doses of digitalis which had 
evoked changes in the terminal deflection we have repeatedly 
observed a ilistmct acceleration of the red blood cell sedimentation 
It should also be emphasized that similar alterations of the terminal 
deflection only appear after relativelj larger doses of the more 
transiently acting strophnnthm If one wishes to obtain definite 
therapeutic effects u itlioul producing <iianges in the terminal deflections 
of the electrocardiogram success ts more easily achiexed with stroph 
antJnn than with digitalis It is possible that these findings and 
considerations will lead to a situation wherein stroplmnthin will be 
preferred whenever larger doses of digitalis are necessary 

The glucosides from Bulbus scilUe Ilelleborus niger etc cause 
similar changes m the electrocardiogram 

Changes in the Electrocardiogram produced by the Upright Position 
(Standing and Sitting) 

In addition to the changes in the electrocardiogram caused by a 
change of posture which were discus'setl on p 40 another raodifica 
tion of the tracing dependent upon a change of position is known 
and possesses great practical importance 

The electrocardiogram of some asthenic patients while perfectly 
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c'en m the sitting jwsition (Akessou), the clectrocanliograin must 
alu.ai/s be recorded %n the recmibenl posUton In the early jears of 



electrocardiography records were usually obtained m the sitting 
position. 

The importance of this rule, so frequently neglected e\en at 
present, is proven by the following obser\ ation 




QT-“Oisf^/7ce (Dtjrsfto/T of SysMe) 
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the mj ocirdunu Ihe cltctrocvrdiograi)hic changes however 
are not frequent and for this reason can scarcely be e\aluated 
They represent otily an mcidental finding 

Witli calcium deficiency one sees mainly a prolongation of the 
horizontal S-T aegment and a normal but often n \ery small 
T wave In the second group of cases with myocardial diseases 
the prolongation of systole occurs chiefly througli the widening of 
tlio T save itself Hegglin and Holzmann attribute the alteration 
first mentioned to n j rolongation of the duration of excitation and the 
widening of the T wave in the second form of prolonged systole la 
ascribed to retardation of the recoy ery process 

Fig ^0 shows a patient with a very unusual prolongation of 
systole It was obtained from an eigJitv fom year old woman with 
hemiplegia and signs of a generalized atheroaclerosis The blood 
calcium was 8 *3 mg per cent 

The electrocardiogram shows regular sums rhythm with a 
normal initial tonipley (levocartliogram) In Leads I and II a very 
wide and deeply iiegitiveT wave follows a long normal S T segment 
In Lead HI the T wayc is diphasic In the chest lead (left arm — 
cardiac ape\) the initial deflection is normal the T waye is inverted 
m an imiisual manner Tlio Q T distance amounts to 0 CO second 
the length of one cardiac period is 72 the normal value (0 30 
VtS ± 0 04) amounts to 33 00 ± four hundredths of a second 
the value of 0 CO lies beyond the limits of the normal of Fig 68 
If there is hypocalcemia the intravenous injection of calcium 
shortens the Q T distance 

A shortening of the duration of systole occurs after digitaUa and 
m hyperpaiathyroidism (see p 112) In the latter instance it 
vanishes after opeiative removal of the parathyroid turaom 

THE ELECTROCARDIOGRAM IN ABNORMAL FUNCTION OF 
THE ENDOCRINE GLANDS AND IN THE AVITAMINOSES 
In recent years electrocardiographic alterations hare been 
desenbed m association with dysfunction of the endocrine glands 
In some instances these changes are very cl arictenstic and may 
have diagnostic significance Our knowledge of these problems is 
still very riuhmtntniy and one may expect further enlightenment 
in the near futuic 

Thyroid 

The electrocardiogram in tni/xo?dewia was described on p 44 
Similar tracings can be obtamed m cretmism 
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tions ha\e been made in cases of spasmopluba of children (Aschen- 
brenner and Bamberger) 

In contrast to this, a very short Q-T distance and a Twave 
beginning immediately after tli© end of the initial deflection has 
been found m hjperparathjToidism (Ballin, Kellogg and Kerr) 
The electrocardiogram becomes normal after operative removal of 
the parathjToid tumour 

Pancreas 

Tliere is no electrocardiogram characteristic of hypofunction of 
the islets of Langerhans It is well known that patients with 
diabetes verj frequently have coronarj sclerosis and consequently 
show correspondmg changes in the electrocardiogram As a matter of 
fact the electrocardiogram of diabetic individuals exhibits alterations 
verj enrlj, even at a time when the sjmptoms and signs of cardiac 
diseise arc absent It is advisable to examine diabetics means 
of the electrocaidiograph once or twice a jear m order to institute 
the necessary restrictions at an early date after the appearance of 
the flrst alterations po insulimsm itself does not produce 
cifects , normal electrocardiograms may be obtained despite the 
highest known values of blooil sugar 

The situation is different with hjperfimction of the islets and 
the resultant hypoglycemia In this instance profound changes 
may be seen in the electrocardiogram 

In hypoglycjemia one finds depression of the S-T segments and 
very low or inverted T waves The mitial complexes may become 
bioader and arrhjthmias appear These alterations m the electro 
cardiogram are not alw ays present and at times maj fail to appear 
although the blood sugar values may become astonishingly low 
(below 30 ingms per cent ) On the other hand changes in the 
electrocardiogram maj be found at a time when the blood sugar 
has still not reached its nadii, and may disappear even before the 
level rises It seems that it is not the insuhn per sc which produces 
the changes, but the hyperadrenalinaimia consequent upon the 
injection of insulin All hearts do not react m an identical manner 
Since the recent introduction of insulin shock therapj m echizo 
phrema these investigations have been made in a vast number of 
individuals who did not have cardiac disease 

The cardiac patient may react much more strongly to the injection 
of msulin than the healthy mdividual Repeatedly we have been 
able to convince ourselves of this fact since ev en v ery small doses of 
insulm (15-20 units) wluch failed to produce a noteworthy fall of 
the markedly elevated blood sugar, weie able to precipitate severe 
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nngmal attacks and jirodticc innrlvc<I alterations in the tl<ctn> 
canhogram l-or this reason the emplosment of insulm rctjvures 
great caution m patients with coitinart disease (asps ni wJiieh 
irijur'v to the ni\ooardnun lias Ixen oh cnc<! folIowTiig mexitrate 
eloscs of insidin are ran lmtet\uuocalobsec\ationsha\e be'enmade 
suggesting the einplot inent of msiiUn on!\ m those eases of coronnre 
sclerosis in which the metabolic situation unconditionalh demands 
it There are cases in winch one would prefer a contmuousK hicU 
bloexl sugar to an insulin injury 

Marked changes are also obsen eel in the elcctroeanliogram elimng 
tlie mctrarol (cnrdnzol) shock treatment of sthizophrcma 

Ovaries 

In some cases of ovanan inaiiflliticiitv with h%{*ere\citahihtv 
of the heart taihveardia with or without Juficrfeiision anxietv 
(lalpitation pracortlial i»niii and 
manifestations of li\(xrthvrnt hsm 
distinct changes m the termini! 
deflection of the cletlrocanliogmm 
arc faquenth found Tlioso cliangis 
consist pnmardv in a depres-sjoii of 
the S-T Kcgnients m all lends mid 
therefore aeconhng to thi rule of 
hinthoven lhc\ are moat pro 
nouneeil in I^ail 11 Ihe T wavo 
nm} abo Ijc low oralisiiit, rnrtlv 
are tlic> invcrteil 

Theeleclrocnnliogmm in I-ig TO 
WA.S reronled in a {Kitiint with a 
ibinn(.leric la {x rtensae tacla lanli i 
The bhxxl pressure \anc<l lielween 180/cn and 2J() Tl the heart 
rate between HKi and 140 Distinct sigivs of h\ fierthvroi lam 
were evident and the Itasnl mctaliobsni was incnased to plus 
70 Thi heart was not dilatcsi The electrocanliograni big (Ki 
(the {latient had not received nnv treatment at tiu timt) shows 
a deeji deprcv'ion of the ‘^T Mgnuntx m all bails most mnrktd in 
Ix'nil n \ll other wav«« including the 1 waves are normal 
At the prc'int time the elettrocardiogmm n normal 

This iUctroeanbt>grom is iharatteristu. and can eosdv l»e 
distingui'lied from tin tvpe of reeonl usuallv obtamcil m casis of 
h\|Krtension which shows a levocardiognm and opj>ositt h dm rtid 
terminal deUictwms lu IamU I and II l4k<vvi«e the electro 
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carchograiii in hj-perthyroidwm has a different appearance (see 
P 111) 

The same alterations also are observed in the absence of hyper 
tension and without signs of hjjierthjTOidism 

Tig G1 reproduces the electrocardiogram of a fortj six jear old 
^v Oman vv iio consulted aphj sician because of substcrnal pamof sev eral 
weeks duration and swclluig of the feet For one week she suffered 
from a dull pain m the region of the lower sternum Three jears 
earlier an artificial climacterium was produced bilateral oOphorec 
tomj A V crj mild hj perexcitabihtj existed physical examination 
revealed a normal circulation blood pressure amounted to \35lG5 
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Fui ri The electrocArdio^am of a climacteric pationt Iwforo (Fig (la) 
and afU'T (Fig Oli>) treatment with estrogenic hormone 

The clectrocardrograni in Fig fila shovrs, ui addition to a sinus 
tachj cardia depressed S T segments and absence of the T w a\ es 
in Lead II Nine days Kter (Fig 61b) the rate alreadj had become 
slower and the T wave of Lead II positive During this interval 
the patient dail> liad received 2 000 units of estrogenic hormone in 
the form of injections No other thempi was emploved except 
sedatives Her sjmptoms disappeared completely 

The same alterations maj be encountered m joung women with 
signs of ov'anan insufficient^ (In poplasia of the genitalia) It must 
also be emphasized that th^e alterations maj appear man> jears 
before as well as manj jears after the menopause , tlie menopause 
and tlie manifestations of the climacterium often do not comcide 
Women w ho suffer from *' hot flashes *’ do not ala aj s show these 
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THE ELECTROCARDIOGRAM IN CORONARY 
THROMBOSIS 


The expin^ion of our hnoniwige conccnung the clinical pjctxire 
of coronirj thromhosi? constitutes one of the great adv ances n hich 
has occiirretl in tlio realm of cirthac di>ea‘.&s in recent jears In 
the roam tins has been made jxassiWe bx electrocardiograph} The 
clectroeardiogram pcrmitteil the rbagnosjs m the common atvpical 
varieties ofooromrj thrombosis which formerU were erroneoiisl} 
regarded as pleuntis cholchthmsis gistntis subdeltoid bursitis as 
xvell as m cases watliout pain or wathout tvpical pain When these 
cases of coronary throrabo«ts liecame with considerable certajntj 
recognizable in their earl\ stages the ^jiuptoraatolog} of the 
clinical picture umlenrent great deielopment «o that ns a rule the 
diagnosis can to day be made without an electrocardiogram simpl} 
on the basis of the clinical symptoms But e%en at pre'»ent ca«es 
are periodically encountered m which the clictrocardiogram alont 
provides the evidence This is particuhrlj true when bonio time has 
elapsed since the thrombosis occurred or when all the cJmical signs 
of cardiac disease arc absent and the liistorv is ntj’jiical 

The first expcnmeiital work on the clectrocarihogram of coronary 
thrombosis was imtiatcd bj Smith the first clmical electrocardiographic 
investigations were performed by Hemck and Pardee (1920) 

If in a case of coromrj thrombosis an opportumtj occurs of 
recording the electrocardiogram soon after the begintung of the 
attack and of taking reiwatcd records during the subsequent 
coitrec lerj charactcnstic alteratioiis may be o&'jerretf ui a certain 
percentage of the cases 

As the first sign one ob«er\cs the terminal deflection merge into 
the initinl deflection (Fig 62) Wlulc a long or ‘short S-T segment 
is normally obsened between the two Bcctions of the ventricular 
electrocardiogram, tins xs absent dunng or immediately after the 
attack of pain or m the absence of pain after the beginnmg of the 
thrombosis The descending limb of the II wave does not return 
to the isoelectric line, but merges into a highly elevated final 
deflection, w Inch after a horizontal course of \ ariable length returns 
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to the zero line in an outunrd convex arc. In rare in^tance^ tin*, 
interval take* it's origin from the apex of the R-tTa\e so that such 
ventncular comploxe** may be called purely “inonopha'jo eletlro- 
eardiogram*.” The T-wa\e often merges in the high archeii S-T 
segment an»l cannot be demarcated. Thi-, i* enlled a " high take- 
ofl ” of the temuna! deflection from the mUiat complex. ’Urn 
change may be most marked in Lend I orl^-ad III If it oeenrK in 
Load I, the opjwsilo changes mrty occur in I^j^ad III (Parkin'son and 
Iledford), that is, there may I>e a low tnkcH)IT of the S-T s'-gnn nt 





Kio (i TIk* fWlror(*nlt<>tT»m* of li»o ra«« ©f rtfroruir} ihrmnliCMw 
»hoflIy aflrr iho brjrinninfc of the ■jTtiplom*. 


from the ascending hmb of the S-ttn^e in I<ead III. If there i* a 
high take-<»fT m I^ead III. n low take-ofl may lx? noted in I>‘nd I 
and tire rtrm . however, tW latter is olten n\i'-ent. 

I’jg <»2 show’s the elcctrocanliogram of fi\e c.ises of acute 
coronarj thrombo-us , all rcconis were obtained within a few hours 
after the l)Ogmmng of anginal pain 

In the first and fourth senes, n high t.ake-ofl is present in l^cad 1. 
The alterations an* most distinct in the fin«t hcries lx*entise the 
initial deflection js larger , but the upward f-liift of the .‘v-T H-gmcnt 
IS also >isihle in the fourth wrrns and U jmsses into an invcrtwl 
T*wa\c In the first jenes Jx-ad III exhibits a mimir image of 
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Lead I ( lo^i take off ) In the fourth senes Lead III of the 
electrocardiogram is normal 

In the second third and fifth senes the high take off is present 
in Lead III Avhile m Lead 1 of the second and fifth series a Ion 
take off may be observed Lead II also shows more or le«s marked 
changes in all cases 

Tlie deep Q naves in I cads III and 11 are notenorth} in cases 
2 3 and 5 In most of these cases the P waves are abnormal (broad 
split and low) a finding to which Master has directed attention 
The absence of v idemng of the initial deflection is common 

At times these electrocardiograms persist for onl^ a few minutes 
more commorUi they lost for hours less often for dajs If one 
follows the ictrograde change it will bo noted tint tJjc terminal 


Lent I UmI II 1^3 { in 



Fio C3 T1 0 e1cctro(>ard ogranw of tl we pat ents ho had from 

coronarj 1) rombMJs aoeraJ weeks ear] or 


deflection takes off from the descending limb of the R wnve at 
successively lower points and an incroaaingly negative Twa\e 
follows until the S-T segment finally lies approximately on the 
isoelectric line in the form of an upwardly convex arc followed bj 
a deep inverted ( cove shaped ) T wave These electrocarcbo 
grams wArcA were cfesignatecf Ay Htnifee as exTowsrj T ?far<sf 
are found either in Lead I or m Lead III and at tunes a high 
positive T wave may be seen in Leads III or I Such electro 
c<xrdiograms may persist for weeks or months 

In Fig 63 a senes of cun es is reproduced from patients in w Inch 
the coronary thrombosis had occurred four to six w eeks prov lousl^ 
In tlie first and third series the changes are most distinct in Lead 
HI in the second senes in Lead I The deep pointed T wax es are 
evident m all cases and are preceded bj short S-T segments whiUi 
aie slightlj cuned wath the conveMtj directed upwards 
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Gradualh the in\crtf‘d T wa\e Iwonin «mnlUr «iul after umie 
«cpU (iKapjMirs tnttriK until finalU a normal |>o^iiue Twaie 
n appears and hecomcs inon and more distinct In eirtam ct^ci 
the return of the nornnll \va\< ina\ nquin Mar* If tin change** 
ha\p progrovstd this far the tracing t mtint Ik* distmpm 1 ed fnnn 
a normal cleetronrdiogram In some easts ohirvi-d for mnin 
^tars the clcctrocmliognm rtmams iKninninth abtionnal despite 
a complole chnieul rceo\tri 

Fig 04 shows the chctrocnnliographie alterations m a fifts six 
\ear-old man who liad had a tliromlKisi^ of tlu Ilnmu* (lf*c(ulm* 


Ia<1 I Ia«I II ty*.l 111 



1-1 f| Vwr'nofirn n|r« from « rn»»* cfr* nn «rj it rointo • (tfw thrcr 
Irrt l< I*-* i» 1 1 rtsl ploniToit" of t'nci oil r) 
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deflection) Tig OOb shows tlie electrocardiogram aftei the lapse 
of three months The Twavc is stiU ahghtlv negatue in Lead I 
A sliort time later the electrocardiogram became normal and to daj, 
fotir jears later, the patient follows his occupation as a plivsician, 
fjeo from sjinptoms and with normal cardiac findings 

All the illustrations re\eal that the alterations of the terminal 
deflection (high take off, etc ) aie in some cases most marked in 
Lead I, m others m Lead 111 By means of exact anatomical 
examination of chmcallj well obsersed cases Barnes and \Miittcn 
were able to dcinonstrate that the \anous leads present different 
alterations in nceordnnee « ith vaiiations in the site of the thrombus 



l-io fjanilb In (a) tho ogTftm of a recent coronary throm 

I ortis m (b) 11 o tracing of IIk* same patient tl ree moutlis later Fi^ 
ii'i la <l formed 1 } an allcnmting rnrrent 


If the Ingli take off or the ‘ coronary T ’ is most marl ed in 
Lead I (T, tjpo) tliere js a thrombosis m the ramus descendevs 
of the left coronary artery and infarction of the anterior wall of the 
left \entricle exists If the alterations (high take off, inverted T) 
are found in Lead III (Tj type) this indicates an occlusion of the 
ramus descendens of the right coronary artery (posterior wall 
infarction) the thrombosed branch of the ramus descendens 
posterior supplies the jiostenor wall of tho left \ entriclo Infarction 
of tlie right ventricle is rare 

In the com-se of tune exceptions to this rule of localization have 
been noted , they can be explained partly by anomalies m flie 
course of vessels and bv the position of the heart but chiefly' by' 
the participation of other ^sronary vessels In a majority of cases 
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A number of other alterations of the QRS complex m coronarj 
thrombosis have been described by various authors but those 
changes are not characteristic and are very inconstant All the 
factors n Inch produce exceptions to the rule of the form of Tj or T 3 
m anterior and posterior infarction al^o create exceptions m the 
form of tile initial complex indeed frequently the initial deflections 
tend to be niodified since in addition to the thrombosed arterj 
other branches of the coronary vessels are also commonly affected 

The following point deserves special emphasis the electro 
cardiogram just described alone and witliout other evidence from 
the lustorj and wnthout other signs does not justifj the diagnosis 
of ' coronary thrombosis The electrocardiographic alterations 
which have been discussed aro the result of a mjocardial injury 
precipitated by the thrombosis and are not produced by the thrombus 
Itself Tor this reason it is comprehensible that myocardial injurj 
from other causes which leads to the elimination of a large area 
of muscle will occasionally produce the same changes Thus the 
same kmd of electrocardiograms that occur in coronary thrombosis 
maj at times be encountered m a post diphtheritic myocartUal 
lesion m m^ocardialuijuries during the course of pneumonia (p 133] 
in which oxygen deficiency and myocarditis may co exist and in 
severe myocarditis of other types In the next two sections it will 
be pointed out that very similar pictures may be seen in pericarditis 
and pulmonary embolism High take ofl of a degree commonly 
encountered in ooronary thrombosis is occasionally noted for a 
few minutes after exercise in patients with advanced coronary 
stenosis 

Since this situation prevails it must be concluded that the 
electrocardiograms described in coronary oeelusion (usually tlirom 
bosis rarely embolism and only very rarely other cau«jes such as 
occlusion fay a metastatic tumour winch compresses the artery from 
without) are not pathognomonic so that the electrocardiogram 
aione sfioufd never provide t/io diagncwis As m other msfances 
the tracing may be interpreted only in conjunction with the history 
and the clinical picture 

Only 30 to 40 per cent of the cases of coronary thrombosis 
present in the electrocardiogram the tyincal alterations described 
The absence of these changes does not militate against the diagnosis 
In many cases the alterations ere not charaetensfic Iho T waves 
may be absent or in% erted in Lead I or 11 the S-T segments may be 
displaced below the isoelectric line the initial deflections may be 
Widened or split T cry rapid indeed daily chatiyee tn the electro 
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cnrthoijTttm are uot unusual I-undamuit il!\ nti\ of t!u rlcctrt» 
ciirdiogmplirc clniipn wlnth m <-onjunt.tioti «ith otlur 

m^ocnrdinl nijiirics iim\ iK(HMonMI\ U tncountcml m rorounrv 
throinbo'4i‘» 

At timM the tlcctrocanlwgrnm despite r<j>oate<l tnicmgs 
remains normal though the patient iindoubtefllv tiifTtrn fmm 
coronary thrombosis ns subsequentU prorc 1 at neoTops\ The term 
silent area m the m^oca^llunl has been mtroiliicetl to cvplun 
this absence of eloctrocanhogmphic change Chest knds ((> l’>n) 
ha%e been addo<l to the three stnndnni lends preeiseh for thea 
cases At times the elettrocarthogrnphic changes ap|Har onK 
se\eral dajs after the thrombosis of a oomiiars iirterv We lm\e 
observed cases in vhicb the elcctrocanhographic nllerations bteame 
apparent onl\ on the tenth or fourteenth da} after an attack, of 
pncconlia! pain wbicli «ns aceompimeii b\ a transient n'*e of 
temperature A single elcctrocanhogniplnc tracing iIih's not 
sufTice 

An explanation for the apiK-ininco of the ‘ high take-off' of 
the S-T segment still presents (hlliculties Scviml insestigators 
hn\e nttnbutc<l these ctmos to the socalltd mjiir\ current 
thus thej arc compared to clectrocnnhograms ninth are obtainexl 
in animal exiK.rinicnts when the tLvsues below one cleetnxle art 
8e\erch injurctl a direct lend from the heart being emploted In 
this instance the tnicings assume the same monopbasic charaettr 
which in mans eases is notctl wnm after the on*et of coronan 
occlusion Others explain the iipwanl tlisplacement of the S I 
segment hj the necrosis of n largt ana of iiiu»cle and the hsiiltnnt 
disapjK'nrniKx of its |}Otcntmls A dctuhsl dehciene) ofox}ginnnd 
the (onst<iiieiit metabolic distiirbamts or tin jin mature oectirrtnre 
of <hncti\ntion are nl oeonsalcitd tola rnu<es tif tlust nmarkabli 
ttinis Ihe first explanation mms to bn\i most iuip|xirt 

THE ELECTROCAUDIOCRAM IN ACUTE PERICARDITIS 

The cloclrocanliogram which doiIops in eoiqimttion with a 
|>cnenninl effusion without inflammatort plitnomeno has bt'cn 
describctl oil p 4T nntl the tnieing as«.ocmle»l with ixnranfnl 
adhesions on p T9 

\crx frrqucnth one finds n markable t lertrocnnb jgmj b»c 
clianges in cxudntiu jicruanlitis {Switt hcil ami Katt) rin-se 
alterations nix uni>ortant l»eeaHso tins iiio\ Mimiliti tbi rlniu«. 
tausod b} coronarv tbnirnlM>sis 

Here nbo scMml stages art dctinguisbcil (Hcmnann and 
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Schwab) In the first acute 
stege one finds n higli take 
off similar to that of coronary 
thrombosis As a matter of 
fact it rarelj attains the high 
degree encountered in cases of 
coronary tiirombosis but it maj 
be very distinct However in 
acute pericarditis the altera 
tions of the S-T segment are 
perceptible in all leads whereas 
in coronary thrombosis these 
changes are demonstrable 
only m Lead I (and 11) or 
Lead III (and II) Verj often 
it does not actually m\oUe a 
high take off of tlio terminal 
deflection but merely an up 
ward displacement of the S-T 
segment The R wave returns 
to the isoelectric Ime but 
immediately afterwards the 
S-T segment rises abruptly 
The T wave remains positive so 
that the S-T segment is fie 
quently curved with its con 
cavitj duected upward 

Fig GO shows a senes of 
traemgs from a twenty four 
j ear -old woman whose pen 
carditis w as clmically evident 
In Fig 6Ga the elevation of 
the S-T segments is distinct 
Since it is present in all leads 
it 13 according to Einthov en s 
rule, most distinct in Lead II 
The Q wave of coronarj 
thrombosis is absent Two 
days later tlie changes were 
much more obvious (Fig 00b) 
The initial deflection is 
widened the descending limb 



' a raso of rheumat 


1 30 cLl^ iCA L FLFcrnoc. j nDJoaiiA rii y 

canlio^iim art not vnii^util FuiulAnu ntnll\ , iin\ of tin dcctro 
car<liographic iliatigt>. >\hirh ilorlop m conjunction with otlur 
mjocarilnl injuries ma% otcndoinllv Ik incomitinil m coroinrc 
thromlxisH 

At tunes the electmemho^tram ilespUc rcjicfttotl tracmps 
remnuis nornml though the juitietit undouljtctiK siifTers from 
c*oronnr 3 thrombosis ns nulisequentl^ pro\ c 1 at nt'crop.sx llif tenn 

silent area ” in the nu-oenirlmm his 1>een intrtxlum! to expUm 
this absence of eleetrocaitliojrmphic clmngc Chest hids (p 1^<») 
ha\e been added to the three stand ird Icails priKwh for these 
cases At times the clectrocardiogrnphie rhnnpes npfiear onli 
seieral dajs after the thromlioMS of a eoroimri nrteri We lm\c 
obsened cases m which the elettrocanliogmphie n!Umtion)i liccamr 
apparent onl\ on the tenth or fourteenth dn\ afler an attack of 
pracordial pun which was accomjwtucd hi a transient run’ of 
temperature \ single electrocanhngraphic tracing does not 
suffice 

An explanation for the apjieirance of the ’high take-off'* of 
the S-T ecgniont atill present-s diflieulties Siieril jnicitigatom 
ha\o attributed these cunei to tht so rilled “ injurj current", 
thus thci are comparcxl to electrocanhognims which are obtameil 
m animal expenments when the tissues l>elow oa-» electrode are 
aevcrel.i injurcrl, a direct leid from the heart Iw-iiig emplosotl In 
this uistanco tlio tracings aisuino the s.ime monophasie chnratter 
winch in ninn\ ca«es is nouil wxm after the onset of coronnri 
oetlusion Others txplam tin upuanl di«j)laceim nt of the K-T 
stginint b> till necrosis of a large area of niU'tle and the resnltniit 
disapjieamncc of its jKitentinls A duidisl lUficirni.) ofoxjgtti nn<l 
■ the consequent inctalwlic disturbances or tin pnniitun* orcumnci 
of deactii niton are a!«o twisnhrtd to Ik* inus«*s of thest n markable 
curves 'Jhe first explanation «i ms to liavi nH>.t sujij»ort 

THE ELECTROCARDIOGRAM IN ACUTE PERICARDITIS 

Tlu* nleilwcAnlio^Tim which devehyn m ri.njuitrtion with a 
pencnnlial effusion without inflnmumtorii plnnonieim has Ikiii 
desrnlKsl on p 43, and the tnicing a.s.sociitcil with {«cncan!ial 
adliesions on p 3'» 

Ver\ freqncnth one finds rcmirknbJe clettroc-\nlu»gnphn. 
ihinges in exudative ptncanlilis {Scott, lid and Kati) Thrsi 
ajfemtions an* imixirtmt iK-caii-c thev mav ^imiilit* tht cliansrs 
em/iK'il h\ coronarv thromlxMis 

Here ubo several stages art distmgiudasl (Hernuann and 
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tiy tlio pressure of the cxudato on the superficial lajcrs of tlic 
myocaixlium with consequent anaemia of the muscle must bo supple 
mented by the observation that the mjocatrlftis which aecompanics 
the ])ericarditis produces the abnormal electrocardiograms (Vancier 
Veer and Norris). 

The alterations which develop in various forms of pencanhtis 
(rheumatic, tuberculous, uRcmic) resemble each other. In most if 
not all, instances there is an accompanying pericarditis when a lugli 
take off is noted in the course of pneumonia 



1 ta. 08. Tlio okctrocardiogram of a c«c of ppncanlitis which occurred 
in conjunction with coronary thrombosis 

Recent unpublished experiments of the authors show that 
rhcinical or mechanical irritation of very small areas of the 
epicardium and of the myocardium Insncath, cause a high take off 
and a monophasic electrocardiogram. This is explained by a current 
of injury. It is noteworthy that very profound changes of 
the electrocardiogram can bo induced by irritation of extremely 
small areas and it is equally interesting that the electrocardiographic 
alterations arc the same regardless of the site of epicardial 
irritation. 

THE ELECTROCARDIOGRAM IN CARDIAC INJURY AND 
TRAUMA 

Bistintt electrocardiographic alterations appear in trauma uith 
and without direct injury to the heart 

Fig. 6U vas obtained from a patient who m an attempt at 
suicide shot himself in the right ventncle On fluoroscopic 
examination the bullet was found freely movable m the right 
ventricle. At operation the wound of entry in the anterior wall 
of the right ventricle was closed- None of the larger branches of 
tbo coronaries was bgated. 
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All embolus in a small branch of tho pulmonaiy artery may 
constitute a dangerous comphcntion even for a patient uhose 
circulation is health} But if tho patient has cardiac disease such 
an embolism mn} precipitate a decompensation which cannot bo 
faaourablj influenced by cardiac remedies and which may be rapidly 
fatal 

The<se dramatic manifestations whith are often out of proportion 
to the size of tho relative}} small pulmonary area dtpriied of its 
blood supplj have been studied rcptntcdl} without a satisfactory 
exidanatioii for their occurrence liavitig liccn found 

RccentI} a sc\orc nuocarchal injmv which manifests itself by 
marked changes iii the cftttrocaidiograin has been discostrcd to 



Fio “On an 1 b In (a) tl o clectrocar I ogmra shortly nfter tho nppcttraneo 
offt pulmonary embolism in (b) the electiward ogram — fo xr days later 
— IS negat \e 


be one of the causes of the rapid cardiac failure (McGmn and lute 
Scherf and SchOnbrimner Barnes) 

A forty one jear old woman developed phlebitis after an injcc 
tion of glucose into a Nancose aem of the right leg six months 
before aiiojjssM*!? to Ttro /ttoaths sitffr tiio tossot of the 

phlebitH high fe\er occurred and a thrombosed vanx was noted 
111 the region of the left ) nec it was tender to pressure and the 
skin of the region was reddencil Subsequently a recurrence of 
acute phlebitis developed in the right leg The patient sought 
treatment m hospital because of the marl ed feeling of oppression 
in the cardiac region and a pinodicaII> recurring prrecordial pam 
of an anginal tyj e A a erj slight mitral stenosis w ithout change of 
either cardiac size or shajio was found mere)} a short presystobc 
murmur was audible at the apex A largo thrombotic vein tender 
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coronar) ve^eLs were normal no mjocardwl tliscn^o was found 
which could explain the profound alteration of the electrocardiogram 
The electrocartliogram of Fig 7Ib was transcribed sliortlj after 
the beginning of the sjunptoms of pulmonarj embolism two days 
after Tig 71a Thcdistmctly low take off of the terminal deflections 
from the ascending limb of the S wases is noted m Lend I and 
deep Q waves are evident in Lead III together with a high tnl e off 
of the S-T segments from the R wn\os 

According to lIcGmn and White a deep Q wave with n negative 
T wave m Lead III 13 very characteristic of the electrocardiogram 
of ci^sof pulmoniry embolism In Ix'id I an S wave appears and 
the T wa\c originates somewhat below the isoelectric line Barnes 
has given some points for the difTcrciitial diagnosis from coronarj 
thrombosis which maj sometimes present great difficulties 

In this connection it must be added that on the basis of many 
post mortem examinations w o believe that deviations from Barnes 
tabular arrangement arc ver> frequent in coronarj thrombosis as 
w^Il as m pulmonary cnibohsm and that all vaneties of Twavo 
changes are encountered m both conditions (Fig 70) 

McGinn and White attribute these alterations to a marked 
dilatation and partial failure of the nght heart ic to an acute coi 
pulmonale It is indisputable that excessiio burdens are placed 
upon the right heart and maj plaj a role But it is equally true 
that thej maj also definitely fail to appear In two personally 
observed cases w ith distmct electrocardiographic alterations resulting 
from pulmonary embolism one of us failed to observe any e\ idencc 
of cardiac dilatation or disease at necropsy From n study of cases 
of this type it has been concluded that m pulmonary embolism a 
pulnio coronary reflex occurred through excitation of the endings 
of the pulmonary v agus w Inch induced an inadequate blood supply 
to the heart especially to the overburdened right heart In this 
manner the subjective complaints of the affected patient (anginal 
pain) and the objective climcal fmdmgs {gallop rhythm strikingly 
rapid progressive cardiac failure in the absence of cardiac dilatation) 
are explained Likewise the therapeutic effect of vasodilators 
(papaverine thcophyllm atropine) supports the explanation just 
advanced Not only experimental findmgs but also observations 
like those given m connection wnth Figs 121 and 148 favour the 
existence of pulmocardiac reflexes Reflexes to the heart are known 
to originate not only from the lui^s but also from the nose ears 
eyes throat all abdominal organs andtheekm A certain condition 
of the reflex are the receptor and the effector organ (the heart) is 
a prerequisite for the occurrence of these reflexes 
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off from the o«end.ng hmb of the S «««» fer l.elo» the ..odeatrm 
Ime Tlienlfickrio35tol.l>ccl«ilhmt»cnt} nmratcslij ninnjectioii 
of Strophnnthin T»o hours Inter nn elcclrocard.ofrrnm similar to 
Tie ' 12a ^\tvs recoTticd 

Se\erenttacUofangina|Kictomma\npi»cnrsinniU{inc<)\JsI\ with 

these alterations in liie fonn 
of the electrocardiogram In 
regard to the unpleasant 
e\en painful sciisationsintlio 
prcconlinm in paro’^^slnnl 
tachjcanln it sliould he 
nieutionerl that this kind of 
distress iin\ appear in 
patients with othenvisc 
normal liearta It is more 
common in patients who'-c 
susceptibilitj IS increased b\ 
co*existing cardiac disease 
Since in man^ cases of 
paroxysmal palpitation the 
tachycardia itself w not 
pcrccned the anginal pain 
being the most outstand- 
ing symptom that ma\ 
continue for hours the 
tachycardia may not he 
detected the real nature 
of the attack thus escape 
recognition and the illness 
maj be attnbuled to 
coronary thrombosis fCamp 
and Whiia) 

Vtm profoundly a simple 
acceleration of the heart cm 
alter the electrocardiogram 
roay 1)0 seen by a study 
of cases of marked coronary 
stenosis of luetic origin 

of ofthcmrtiovalTOUnduUurU 

pnetS dectrocardiogran. «h.cl, was 

JwetJ of" After the mtra^enouf, 

- ■ng ( A gr ) of atropine, the rate of the heart increased 
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m the ordinary manner they are normal in nearly bO pei cent of the 
earl} cases Moreover when aortitis lijpertensjon valvular lesions 
or a murmur is detected tins does not pro\ o tliat the symptoms for 
which the patient seeks relief can be properly ascribed to angina 
pectoris 

The diagnosis is made on the basis of the bistort alone If the 
patient describes the tjpical complaints if pain appears after 
wellknovn occasions if it radiates m the usual manner if it is 
relieved at once by nitrogljcerm, one is inclined to assume that 
angina pectoris is present Cases nhich donate from the usual 
pattern are not uncommon, and at times it is scarce!} possible to 
make a diagnosis with cert \mt} 

Errors commonly occur })nrticularl} at the heguuung of the 
disease In addition it happens that in recent } ears the histoi} of 
patients is no longer unbiased for every lajman is aware of the 
R}mptomatolog} of angina pectoris through instances of the disease 
in relatives or ic(\uamtances or through dcscnptions m the news 
papers 

Considerable progress has been made m recent }ears since 
a waj has been found to make possible an early diagnosis in cases 
of this t}po to confirm the diagnosis bj objective hndmgs and at 
the same time to provide information about the events occurring 
m the heart muscle during the attack 

By a number of investigators electrocardiograms have been 
transcribed durtn(f attacks of angina pectoris w Inch occuircd during 
rest and were not associated with coronary thrombo&is They 
found ver} distinct alterations of the S-T segments and of the 
T waves during the attack (Fell and Siegel) But repoits on this 
event are relatively uncommon since an opportumt} of recording 
ail electrocardiogram %n an attack lasting only for a few inmutes is 
presented in comparative!} few cases and then usuall} by accident 

More recently the recommendation has been made to forestall 
these rare opportumties Instead of waiting until it bocame_possible 
to record the electrocardiogram during an attack it was suggested 
that m doubtful cases an attack be induced by imposmg a burden 
on the heart by means of ph}sical exertion The electrocardiogram 
obtained after exercise could then be compared with the electro 
cardiogram recorded during rest (Seberf together with Gold 
hammer Hausner, van Mujden) tVoIferth and "Wood studied tlie 
electrocardiogram of patients with angina pectoris after ph}sical 
exercise and found marked changes However the} concluded 
that tins test is w ithout diagnostic value 
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in the ordinary manner they arc normal junearlj 00 per cent of the 
earl^ cases lIorea\ er when aortitis hypertension valvular lesions 
or a murmur is detected this does not prove that the sjTiiptoms for 
which the patient seeks relief can he properlj ascribed to angmn 
pectoris 

The diagnosis is made on the basis of the historj alone If the 
patient describes the tjpicnl complamts if pain appears after 
veil known occasions if it radiates m the usual manner if it is 
relieved at once by nitroglycerin, one is mclmed to assuiiie that 
angina pectoris is present Coses uliiclt cleimtc from the usual 
pattern ore not uncommon, and at times it is scarcely possible to 
make a diagnosis nifch certainty 

Errors commonly occur, particularly at the beginning of the 
disea'^e In addition, it happens that in recent years the history of 
patients is no longer unbiased, for e\ciy layman is viviirc of the 
synnptonmtology of angina pectoris throngli instances of the disc vse 
ill relatives or acquaintances or thiough ile^criptioiih m tin nevs 
papers 

Considerable progress has been mode m recent years buioo 
a May has been found to make possible an early diagnosis in cases 
of tins type to confirm the diagnosis by objective findings and at 
the same time to provide information about the events occuning 
m the heart muscle during the attack 

By a number of investigators electrocardiograms have bttn 
transcribed during attacks of angina pectoris uhich occurred during 
rest and Mere not associated with coronary thrombosis They 
found very distinct alterations of the S-T Bcgments and of the 
T waves during the attack (Fell and Siegel) But reports on this 
event are relatively uiicoinnioii smcc an opportunity of recording 
an electrocardiogram in an attack lasting only for a fe« mmutes is 
presented m comparatively few caws and tlien usually by accident 

More recently the recommendation has been made to forestall 
ran? eppartamtieff Instead of « attin^ iintd it beeame ^lo^sibh 
to record the electrocanliogram during an attack it m as suggested 
that in doubtful cases an attack be induced by imposmg a burden 
on the heart by means of physical exertion Ihc elcctiocardiogram 
obtained after exercise could then be compared with the electro 
cardiogram recorded during rest (Sdierf together with Gobi 
hammer, Bausner, van Jluyden) Wolferth and Wootl studied the 
electrocardiogram of patients with angina ptetons after physical 
exercise and found marked changes However they concluded 
that this test is vv itiiout diagnostic value 
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Fig 74 shows fairly well the maximum extent of alterations of 
the S-T segment which occurs normally after exercise in a patient 
without coronary stenosis 

If the exercise is ver> strenuous, the alterations of the electro 
cardiogram maj be extreme Electrocardiograms haie been 
repeatedly recorded in marathon runners iminediatel} after the 
completion of the race and have been found normal But in some 
runners after snob a race or after skiing for 50 km , in which the 
contestants finished in poor condition, negative T wav es and invisihle 
T wav es hav o been reported (Ludwig) 

It IS obvious that such efforts are not eomixvrable with those 
demanded of patients in the exercise cx|ienment Wlien an mdi 


SL-JL^ 

lia 76 Exercise m a case of luetic coronary alenosu, the three toad4 
are recorded alongonle of each other 


vidual climbs a flight of stairs even very rapidlj, not only m the 
healthj person but also in cardiac diseases of various types (v alvular 
lesions, mjoeardial diseases, hypertension), onlj the normal range 
of alterations of the waves, previously described, is noted A 
T wave which was formerly negative, after exercise may become 
positive , jf previously depre^ied tlie S-T segment may become 
isoelectric 

In patients with coronary stenosis the clianges of the electro 
cardiogram are entirely different At times w hen the electrocardio- 
gram is recorded during rest there are few or no abnormal electro 
cardiograpbio changes, since the heart obtains an adequate amount 
of blood despite the coronary stenosis But if a burden is placed 
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upon the heart h\ extrtioii or 1>> c\tilennnl jtn ox^^rn 

requirement increase* houexcr, ns the result of the txirotura 
httnosis an increase in the htood kup])l\ to smaUer or Krjrtr 
nreax of muscle is not |HKsiI>h 
nceonlmgK a <li-jirojK»rtii ii 
<le\olojw Utvicen the hltxxi 
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(third korte^} the S-T Btgmcnta were still depressed below the 
zero line in all leads and the T waves were ^ cr;^ low Ten minutes 
after the exercise the electrocardiogram w as still not entirely normal 
{lowest senes) 

The electrocardiogram m Fig 70 shows a tjpical positive 
exercise test in a patient who suffered from an insufficiency of the 
aortic valves At rest the electrocardiogram was normal except for 
a very slight depression of the S-T segments in Loads I and II (first 
senes) One minute after climbing a flight of stairs IS metres m 
height a deep depression of the S-1 segments appeared m Leads I 
and n and the T waves in T ^ads II and III became negative (second 
senes) Two mmutes after exorcise the electrocardiogram was still 
tmehangod (third senes) after five minutes a slight retmn towards 
normal is evident (fourth senes) The tlcctrocarcliogram did not 
become normal until one half hour later (fifth senes) 

The 1 waves were then even higher than before a finding which 
IS not rare and still not entirely explained f waves which before 
effort were invisible or inverted may be<ome normal for some time 
after the pathological reaction to effort has subsided 

The lowermost senes in Fig 70 shows the electrocardiogram 
during a spontaneous aUack of angina pectoris w Inch appeanxl during 
rest It was accompanied by a decided increase of blood pressure 
(hy pertensive crisis) Tho tracing show s the same alterat ions as those 
app“armg after physical exertion Tins finding is also noted regularlv 
(more than forty personally observed cases) The electrocardiographic 
alleraliona in angina peclonn o/ter exerevte nhcaijs re^semlh ihoie ichwdi 
are recorded during a spontaneous attacL 

The senes of tracings m Fig 77 were obtained from a patient 
who a few months later showed at necropsy a marked sypiuhtic 
stenosis of the coronary artery orifices The symptoms which 
caused the patient to attend the clinic were obscure and the diagnosis 
was vmcertam The electrocardiogram recorded after rest showed 
nothing obnornni Only alevocardiogram was present Afterslowly 
climbing a flight of stairs 18 meters m height extreme alterations 
appeared m the terminal deflections togetlier with deep T waves 
(second senes) After five and ten mmutes (third and fourth senes) 
there was a slow return to normal but twenty minutes elap<?ed 
before the electrocardiogram returned to its original status 

The alterations which are found transiently after exercise m 
patients with coronary stenosis usually affect tlie S T segment and 
the T wave particularly , more exceptionally the initial deflection 
13 affected as well The S-T segment is usually depressed below 
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m one or se\eral leads The alterations of the initial deflection 
after exercise are less charactenstie and, at times, niaj be produced 
by a change m the position of the heart, consequent upon change<» 
m the position of the diaphragm Occasionally a high take off hko 
that of coronary thrombosis may appear for a few inimites 

The electrocardiogram must be recorded, not only immediately 
ajter exercise, but also one, tico, file, and ten minutes afieruards At 
times the changes are manifest only immediately after exercise, 
that Ls, they are extremely transient In other cases only* the 
normal increase in the height of the T \ni%e^ is noted in the electro 
cardiogram transcribed immtdiateli after the effort the depression 
of the S-T segment or the mierted T wave may appear only after 
some minutes haie elapsed The chief ofTeiice committed against 
this method of mvestigation lies m the failure to record the electro 
canliogram hre and ten mmutes after effort and relying upon a 
single record registered immediately iijion completion of the exercise 

In many cases the electrocardiographic alterations persist for a 
long time — for example, os long as thirty mmutes In some instances 
they are still distmct although the pam has long since vanished 
In other words, they are mdependent of the pain Not rarely 
dulincl allerations tn the form of the eleclroeardtogram art ohstrxtd 
although the pahenl experienced no pain during or after the effort 
Likewise uhen the pam quickly disappears (after nitrites) the 
electrocardiographic alterations may persist for a considerable 
time 

A negative exercise test, that is, the absence of the changes 
after effort is against a marked disturbance of the blood supply 
to the heart but not against stenosis of a coronary' ostium 
"Moreover, occasionally a normal exercise test is observed m 
aortitis despite complete occlusion of one coronary ostmm In 
this instance the stenosis is ' compensated ” by extensive anasto 
mosis with the other coronary artery It is also possible that a 
stenosis m the region of some smaller branches of a coronary artery' 
Will not produce distinct alterations in the form of the electrocardio 
gram after exercise However, a positive result of the test 
can be employed ivith certainty Abnormal reactions to exercise 
are most common and most ciidcnt in aortitis nlneh has led to a 
stenosis of the coronary onflees But they are not rare in coronary' 
sclerosis 

It is understood that the perfonnance of the exercise test 
should not be dangerous for the patient Accoidmgly', the exercise 
must be adapted to the condition of the mdmdual subject Since 
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jiaticntH whot-onsult pin j*k inns fiirob<icun (timphtnlMnitM mLnr>.«' 
cities climb fitmrs during excrj working ili\, j-mre tlu\ reixift 
that their snniptoins appear onh after pAy«jr/d txnimn it ma\ Ik* 
assumed that the amount of exercise amiiigtd In the | In i>irinii w ill 
hnng no greater danger than that performc<l M'\crd times en.h dnv 
hv the |uiticnt For Mn rmnon no Qrtntrr rjjorl nJouht tfrtnjutM 
from thr pa/ieii/ than thnl ahtch hr undtrinUf dntlij A pntunt 
who feeU the pnm at rare intervals and onh afttr great exertion 
and as the result of t.e\era! factors (after meals walking In nil 
weather) max accortlingl^ Iiensketl toclimh two flights of stniTMind 
imdir certain conditions c\on four or more If tin {witHrilf«im| bins 
of pain after slight exertion, it max siiflice for him to jicrfonn knn 
bending exercises a few times or to nse and he down sextril tunes 
III onkr to produce nbnoniml changes in the T waxci 

Since there is abaolutelx no parallelism between the npjieiniut 
of pain and the clectrocardiogrnpliu iJiangi'** thi alterations 
<l(Hcnbe<l ore a measurt of coronarx perfusion alone and not of 
angina jicctoas ’ All clinicnl and etpcrimcntnl findings oblauits) 
up to the present time show that the tiiiijKirxrx tliangi*s de*iTiUsl 
and illustrated in the cleciroeanliogranis after i tirci»e np]H aronh 
in disturbances of blood supplx to the heart Amfing other things 
this IS proven hx the oh*erxntion that the palhologioa! changes after 
exercise are ns a rule absent when the jiatitnt iurfnmis tin work 
imincdmtclx after the ndnimistmtion of nilroghctnn 

The alterations after excrct«e desenlKsl in the terminal drileetion 
are not found in canliac patients of the mrwt dixirv txp'**' imlen- 
coronarx atcnosis is pre^nt (Uood anti W’olfirth Silnrf an! 
(Joldhammcr) In rare instances tliex art oh'^rxwl in mxoranIiti» 
Tlie cx|K?nmontnl ob«er\atnms of Dntneh arc impirtnni iii 
rcginl to the appraisal of the disturbances of rnxoranlial blx«l 
supplx after cxerctsc in en*s?s of eoronarx atenosn , he form 1 exjwri 
mentalH that when the ratio lictxtr«« corrmarx blcK»l siipjdx amt 
tanliac jiorforriiaiux waa onU three fimrths of mirmal a [sniitnl 
/.’utritfi 3 »ivOxejWid-nJuahjaonnalS-r»x?niiento.p.l'enrtsl 

When a patient hnnthes from a cl«v«etl pj irnimler fHoth/.fIiin 
and Kitsin) or in a low preasun* <haml>er c r I nnthrs mist tin* < f 
mtn>gennnd oxxgenlliat arrfxxir iiioxxg* n (hietrn h and ^rhwiegk) 
n.s eooii a-s markr<i nnoxTinia (ami ct>ns*»|uent anoiix of the hc»rt) 
IS protlnretl exnctlx tl» s-ame aUcratiom of Ihr rWtn>ejidMvgrxm 
an* wn Since these alterations are cxnkr«! in healMix irv'bxi hub 
if oxxgen deficie'icx is etintmuesl imfIirentJ> long an! »m'-r a 
»pccwl apparatus is neecs.s4rv, Ihl* mclhoid dues no* Im ! it*--!/ 
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readily to routine practice Clinical and oxpenrnental obsenations 
support the suggestion that it js not the oxygen deficiency alone 
l)ut the metabolic disturbances in the cardiac muscle created it 
vrhick evoke the changes m the electrocardiogram 

The advantage of a corrcctU performed exercise test for the 
clinical studj of angun pectona consist? primanlj m the fact that 
through it an objective diagnosis has become possible and the 
phjsicinn IS not compelled to relj onl^ upon the subjective symptoms 
of the patient With the electrocardiogram it js often possible 
to make the diagnosis m atypical cases at tho bogmnmg of the 
(liscnse alien pain (pressure and oppression) appears at infrequent 
iiitcnals and is neither precipitated by the usinl factors nor ndiates 
in the tyqutal manner Fvery plivsitian can recall patients m 
nhom for a time at least he doubted viJiethcr or not tho ominous 
diagnosis sfiouW he made II abould be emphasized once again 
that oul} the positi\e exercise test the actual appearance of tin. 
changes m tho electrocardiogram is decisive 

Unfortunatoli the pbj Biological depression of tho S-T segment 
which JS often present as m Fig 74 is rogardcil as pathological bj 
some phjsicians CotisideraWo caution should be exercised in the 
interpretation of trscings and only responses to exercise which are 
unequivocxbly abnormal should be designated as pathological and 
not borderline ca«e8 

The registration of an electrocardiogram after exercise also 
permits the phj sician to evaluate therajicutic measures, patients 
with coronarj stenosis may show the most extreme elcctrocardio 
graphic changes after exercise but if the effort is undertaken soon 
after the injection of theophyllm or papa\erine very often slight or 
no changes develop m the tracing By means of electrocardiograms 
after exercise the progress or disappearance of a disturbance of blood 
supply in the cardiac mu.scle can be apprarsed w ith greater certainty 
than by any other method 

Ino proffJiosiic conclnsiom should be drawn from the outcome 
of the exercise test A patient may show a normal electrocardiogram 
after exercise to day and to morrow may suffer from coronary 
thrombosis in other cases despite distinctly positive exercise tests 
a progres-sive amelioration of symiptoms and the gradual develop 
ment of a normal exercise respwise must be asenbed to the 
gradual dilatation of collateral vessels But if the patient consults 
a physician for trifling or atypical complarnts and the profound 
changes of Figs 75-77 are discovered the patient should be warned 
about the situxtion The practice of recording electrocardiograms 
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and jncon^eiuent for the physician rnticnts 8usj)ccted of a recent 
roronarv thrombosis should not be alloued to assume a sitting 
position WiKon (1030) had called attention to the fact that if one 
electrode were placed near the heart, the second electrode could be 
applied at anj optional area without essentiallj altering the 
electrocardiogram , therefore it may be applied to an arm or leg 

Forthis reason conncxionawcre made from the region of the apex 
beat or from the fourth left intercostal space near the sternum (region 
of ab'solute cardiac dullness) and from the left leg or the right arm , 
the latter is better (Roth) bccnu«e it jiclds larger P waves Since 
there is alreadj one electrode for the nght arm in the standard leads, 
onl^ one additional eIectro<lc is reqiiirwl for the region of absolute 
cardiac dullness 

Under these conditions nonnallv one obtains a negative P wave, 
a distmct Q wave follo\ve<l bj, an R a slightlv depressed S-T 
segment and a negative T wave AVitli this tjjic of lead however, 
the most important w av e the T wave normallv is inverted This 
situation presents considerable difficultj to the lioginner, because — 
in contrast to the standard leads— the |>o«itivc T ware is abnormal 
while the negative T wave has to be considered normal , moreover, 
the presence of a Q wave is physiological It has therefore often 
been suggested to reverse the polarity in order to make the tracing 
resemble the customary picture Recently a committee of the 
jimencan and Bntish Heart Associations made the rccommendafion 
to lead from the left leg or the right arm to the heart so that — as in 
leads from the extremities — positivity under the electrode ajiphed 
to the cardiac region yuelds upright excursions and a negativity 
downward deflections Tliercfore torecortl the cheH lend the elec 
trode ordinanly dcstmed for the left arm is applied to the cardiac 
apex or just to the left of the lower end of the sternum, and the 
electrode for the right arm remains at its usual place , the 
apparatus is switclied into position as for Lead I 

Under these conditions the normal ventricular complex is 
similar to the normal ventricular complex of the standard leads 
One observes alwav 8 as in Fig 78 (upper senes first tracing from 
the right) a positive (rarely i-oelectnc or inverted) Pwave, an 
R-wave which is followed by an S, a slightly elevated S-T segment 
and a positive T wave 

Tlie absence of an R wave or an R under 2 mm in height, 
widening of the initial deflection, depreauon of the S-T segment 
below the isoelectnc line or marked elevation above it, or the 
absence ofa positive T nave is considered patlioJogieaJ 
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In youv^ indiMcIunls (up to the twentieth jenr of life nml ui cxccp 
lioml ca^c® bc^oml) we ha\e also ohsened inverted T wnviH m tliu 
chest leads although nrdiaoctnminntionswere contmimll,v norimvl, 
and there was no evidence of cardine disease For tin*? reason the 
discovery of an abnormil T wave mu«t even in older jmtients lie 
cralufltcfl with caution for it nwi l>c encountered, though rarelv , in 
health) older indmdimls Thcabsoneoofnn R vvnvo was interpreted 
as ft mucli more aignificant and reliable aign for the diagnosis of n 
mjocardial disease In general, even nn R wave which has an 
amplitude of less than 2 mm is rcganled an pathological But it is 
certain that R waves of thw size also orcur norninllv In order to 
interpret « chest lead it is extrcmel) imjwrtant to know the site 
from which the lead was taken , even a amnU shift of the electrode 
near the heart ma) produce ver) niArkcil clnngcs m the electro 
cardiogram 

At present the leads are taken from tho two areas mentioned 
First, from tho region of absolute canbao dullness left pnrastcmalH . 
and second from the cardiac apev If one gnvduallj moves the chest 
electrode from the left lower parasternal region towards tiio aivcx, 
then the alterations which appear arc fair!) regular If by chance, 
the left psrsstemal electrode is applied somewhat higlicr, tho 
R w av e ma) vanish The amplitude of the R wave is much reduced 
in a lead from the anterior chest wall m the left parasternal region 
m comparison to one taken from tho cardiac apex Just na tho 
R wave increases m size aa the electrode is moved from tho left 
lower sternal border toward the cardiac apex, tho amplitude of the 
S wave decreases In the lead from the left sternal border nonnall) 
the ratio of R S is at least I 10 Reference was made earlier to 
tho fact that an “ abnormal ” (inverted) T wav e is occasional!) 
found ui normal individuals This occurrence is much rarer m a 
lead from the cardiac apex than in one from the left sternal border 
The following observation suggests the use of caution just as 
m leads from the extremities, an alteration of tho position of tho 
heart during quiet respiration can decidedly mfluence the initial 
and terminal deflections In Tjg 79 two cliest leads from the left 
leg and the left sternal border are reproduced , they were obtained 
from liealth) mdiv uluals In the upi>er tracing the T w aves 

penodicallv become higher and lower with respiration and the 
R waves also vary in height In the lower tracing the variation of 
form of tho initial deikction is mucli greater , the 1 wave becomes 
even inverted during inspiration Tho standard leads from these 
patients showed no abnormihty Wo have frequently observed 
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method, the exact location of the cardiac apical region m the recum 
bent patient bj means of fluoroscopy, likewise cannot he accom 
plished in actual practice 

The American Heart Association and the Cardiac Society of 
Great Britain and Ireland recommend that those nho employ a 
smgle prmcordial lead should place the precordial electrode on the 
extreme outer border of the ajiex heat or just outside the left bonier 
of cardiac dullness m the fifth intercostal space If percussion of 
the lieart is unsatisfactory the electrode should be placed just 
outside the midclaviciilar hne This lead should be called Lead 
IV R when it is paired with an electrode on the right arm or Lrf?ad 
IV r when tJie other electrode is placed upon the left leg A circular 
electrode between 2-3 cm in diameter is recommended 

In the bght of the present status of oiir knowledge it seems best 
to record leads from both the cardiac apex and from the left lower 
parasternal region One lead does not suffice The lead from the 
cardiac apex has all the dmdvantages detailed abore one from 
the lower left sternal border may m ca^es of coronary thrombosis 
produce a normal electrocardiogram when the apical lead shows 
distinct alterations (Fig SO Case 4) 

In Fig 80 a series of tracings from eight cases arc reproduced 
below each other Under the three leads from the extremitiesthereis 
A chest lead taken from tlie right arm to the left sternal border and 
lowermost, a chest lead from the right arm to the cardiac apex All 
the electrocardiograms were recorded after careful standardization 

In the first tracing at the left (Case 1) there is a normal electro 
cardiogram In the chest leads we see distinctly how the R wave 
ui the lead from the cardiac apex and the S wav e from the lead at 
the left sternal border are larger At the cardiac apex the T wave 
is higher In Case 2 the tracing of a simple levocardiograra is 
reproduced Here also, m the leads from the extremities as well as 
from the chest there is no evidence of myocardial di'^ease Distinct 
xxwxes OTt vvsvble hv Uve eVveet- Icada tw Case, i a Q wave aw. 
upwardly convex S-T segment and the cove plain T wave indicate 
the presence of cardiac infarction m the anterior w all Tiie electro 
cardiogram was recorded from a patient who a few days before had 
actually experienced an attack of angina pectoris lasting several 
hours In the chest leads theR wave is absent, the S-T segment is 
markedly elevated and passes with an arc into the inverted T wave 
In Case 4, a forty one year old man, there is a Icvocardiognm , the 
only stnlung feature is the small negative after deflection following 
the R wave m Lead I Physical examination strongly suggested a 
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in children Cage G iiab a fifty one year old patient who had suJfered 
from many contusions and a blunt injury m the region of the chest 
The electrocardiogram recoided fiom the extremities shows alow 
T ivave in I>e id I and negative T waves m I ends II and III The 
chest lead from the left lower sternal border is normal tl e le ul 
from the cardiac apex shows a bifid T wave Tlie electrocardiogiam 
of Case 7 sbowa in all leads from the extremities as well as m the 
chest leads vcrj distinct alterations which result from cligitah>, 
therapj The tracing was obtained from a thirt) sixvearcUl 
decompensated patient with oedema and ascites The t 5 ^ucal slow 
descent of the S-T segment to below the tsoelectnc line and its rai id 
rise IS distinct Tracing 8 was obtained from a seven year old child 
w ho was suflfentig from thjTotosicosis E\ en m the leads from tlie 
extremities split T waves are visible m Leid II Di&tmct bifid 
T waves are visible in botli chest leads Since split and bifid T w ives 
may be found m normal children this olectrocardiognm is not 
definitely abnormal 

Aa mentioned earlier the absence of the R wave m the apical 
or both chest leads is regarded os pathological It is absent in 
cases of coronary infarction with occlusion of the descending branch 
of the left coronary artery (Fig SO (ase83Qntl4) BiittheRwave 
may occasionally be absent also m hypertension m lesions of the 
aortic valves with an cxcessiie strain on the left ventricle less 
often it IS absent ui esses of mitral valve lesions with a predominance 
of regurgitation and in simple coronary sclerosis w ithoul thrombosig 
of an artery The S T seg nent normally is somowhat elevated 
but 111 coronary occlusion (Fig 80 Cascb 3 and 4) and in liyjer 
trophy of the left side of the heart it may become displaced much 
higher Reference has earber been made to the fact that likewise a 
negalMt T wave may occur normally and this finding alone does 
not justify a report that the heart is affected 

In Fig 81 the electrocardiogram is tliat of a patient who about 
eight hours earlier had had a verv severe pain behmd the sternum 
suggesting a coronary thrombosis In Fig 81a only a slight 
elevation of the S-T segment m Lead I and a distinct depression of 
it m Lead III is visible The chest lead shows a tyTUcal high take off 
Three days later (Fig 81b) there was a deeper S wave m Lead I a 
higher T wave in I ead Ilf and the alterations of the final deflection 
are less distinct In the chest lead the R wave is absent the S-1 
segment and tlie T wave are displaced high above the 0 line There 
IS sinus tachycardia Tliree days later (Fig 81c) the electro 
cardiogram from the extremities w as normal How ever the absence 
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of the R Av a\ e m the chest lead and the higli S-T segment would — 
in conjunction with the history — permit the diagnosis 

In cases of nifarchon of the antenor uall the chest electrocardio 
gram is altered w ith great regularity at times even wlien no changes 
have yet occurred m the leads from the extremities The absence 
of the R M a\ e is the most constant sign particularly in the late 
stages Occasionally a small Q wave precedes the R wave while 
this seems to be pathological in the lead from the cardiac apex it 
seems to occur normally in tlie lead from the left lower sternal 
border The high take off or more frequently the ele\ ation of the 
S-T segment soon xamshes and inverted T waves arc not regularly 
present In an occlusion of the light descending coronary arteiy 
(posterior wall infarction) the chest lead usually is normal or shows 
alterations which are not cliaractenstic 

Very large T waves m the chest lead have been desenbed by 
^Vood and Wolferth as a sign of coronary infarction Often they 
may be obtained only from circumscribed areas of the priecordium 
However a diagnosis should not bo made from them alone since 
in hyperexcitable cardiac action (imtablo heart) very high T waves 
may also be found m leads from tlie extremities 

As m the« leads from the extremities slight spluitermg of the 
initial deflections is found normally An 31 or W form of the 
initial complex is often noted m mitral valve lesions Small exciir 
sions (low voltage) also occur in the chest leads but much less often 
than in leads from the extremities The reasons for this difference 
are not clear at present 

Naturally digitalis alters the chest leads as well usually in the 
form of a depression of the S T segment (Fig 80 Case 7) 

It is undoubtedly true that in the most diverse myocardial 
diseases alterations in the chest lends at times may appear earlier 
than in the leads from the extremities Accordingly the chest leads 
supiilement the standard leads from the extremities B/il the value 
of chest leads is often exaggerated Many problems are still unsettled 
and only a sliort time has efapsed since the most sweeping deductions 
vvere drawn from alterations which to day are regarded as normal 
variations Coronary thrombosis was often assumed to exist on 
the basis of an abnormal ’ chest lead But fortunately senous 
criticism was soon directed against these diagnostic errors (Roth) 
Through incessant investigation an increasing number of variations 
of the normal electrocardiogram are becoming knowai and even if 
inedicme is still f vr remov ed from a complete know ledge of all the 
necessary rules and deviations much has been learned m recent 
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years To cla> it is know n that man> reports w cro exaggerated 
w hich described “ typical ” abnormal dust lead electrocardiograms, 
despite normal leads from the evtremitics Upon exact inspection 
most of the leads from the extremities also disclose distinct altera- 
tions, and the chest lead electrocardiograms were not less atypical 
In a majoritj' of cases, especially in the analysts of dis 
turhances of rhyilim, the classical electrocardiogram with leads 
from the extremities suflices When the electrocardiogram of the 
chest lead alone is abnormal, a diagnoses of a cardiac disease should 
rarely be made exclusixcly on this basis , but the discovery of an 
abnormal chest lead is sufficient to warrant great care in the ohser 
ration of the patient and repetition of the examination Con 
ceming the areas most suitable for chest leads, the question is still 
open 
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DISTURBANCES OF STIMULUS FORMATION 
AND CONDUCTION 

The fundamental condition for normal cardiac action is tl e 
regular formation of stimoh and their normal spread over the 
heart (stimulus conduction) followed bj a powerful contraction 
Bisturbances of cardiac activity will appear when these basic 
functions are abnormal Disturbances of contractihtj as was 
emphasized earlier in this booh cannot be recognized by the electro 
cardiograph It is impossible to differentiate the electrocardiogram 
of a compensated heart from a tracing obtamed from a decom 
pensated patient But disturbances of stunulus formation and 
conduction can be detected bj the electrocardiogram better and 
sooner than bj any other method of investigation 

As a matter of fact most airhjtliraias had been discovered before 
the electrocardiograph was invented thus the first description 
of periodically dropped beats in roan by means of an analysis of the 
radial pulse tracmg (Wenckebach) will always remam n great 
achievement But m this case the electrocardiogram makes 
the diagnosis possible at a mere glance whereas fonnerl) it could 
be obtained onl^ after a painstaking and tunc consuming analysis 
of laboriously recorded traemgs of the radial and \ enous pulse os 
well as of the impulse at the apev of the heart 

Disturbances of stimulus formation present a anety of pictures 
mdeed there may be simply an increase or decrease of normal 
stimulus formation or automatism (smus brady cardia sinus tacli\ 
cardia) or new automatic centres may appear (aunculo ventneular 
(A V) rhythm parasystole interference of two rhithms) or a 
pathological entirely abnormal type of stmiulusfonnation may occur 
as m extrasystole paroxysmal tachycardia flutter and fibrillation 
The disturbances of conduction as far as they are located below 
the bifurcation of the bundle that is m the two branches were dis 
cussed m the precedmg sections of this book 1 he electrocardiogram 
IS mdispensable for the recognition of these disturbances of intra 
ventricular conduction If a myocardial disease injures the 
ramifications of the conduction system the spread of excitation 
and therefore the form of the xaitncular complex is altered 

In later chapters of this book the disturbances of conduction 

1<4 
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A\hich ongmate in the A-V system abo%e its bifurcation (A-V con 
ductiou disturbances) are discussed then the conduction disturb- 
ances in the auricle (disturbances of mtrn aunnilar conduction) and 
the abnormalities of conduction between the sinus node and the 
auncio (sino auricular conduction disturbances) find consideration 


EXTRASYSTOLES 

Introduction 

Every specific fibre of the heart can form stimuli without any 
external influence, “ from itself alone ’ it can become automattcaUij 
active The same situation holds for the specific fibres of the 
auricles (sinua node nith its junctional fibres auricular pait of the 
A-V node with junctional fibres) and for the specific fibres of the 
vcntncle (ventricular p<art of the A-V node, bundle of His bundle 
branches wnth arborizations, Pnrkmje fibres) 

If in an experiment, the sinus ncxlc is divided into tbo smallest just 
^lSlhlc parts each part shows rhythmic contractions as can he easily 
demonstrated maoroscopically , tbei form stimidi ” (v Skramhk) 
Even the smallest fragments romovcil from the branches of the atno 
ventricular conduction system exhibit movements as soon ns thov are 
placeil under emtablc conditions (proper nutnent solutions, warming to 
37“ C introduction of oxygen) A stnp of muscle removed from the 
auncle or ventricle also ehow3 rhythmic contractions, if it remains iii 
contact with the specific fibres If small parts of the ramifications of the 
A-V system (mcorrectlj called Putkinje fibres) are removerl from the 
heart two to three dajs after death and observed under the micro 
scope, they still exhibit movement (Isliihara and Pick) The fibres of 
the specific tissue constitute the iiltimum monens in the heart 
(Pick) 

Wliether or not rhythmic etimuh are formed in the common muscle 
13 dubious since all investigations up to the present time have faded to 
prove it Even when stimuliis formation in the specific tissue is increased 
to the utmost by poisons such as barium, no stimulus formation is found 
m the common muscle (Scherf) Under tlio influence of chemical 
Biibstances (concentrated salts) one may see, transientlv, rhjthmic 
contractions m the common muscle , but it w not proven whether or not 
a coutinuousfonnatioii of rhythmic stimuli is possible in the heart outside 
of the specific fibres However unpubhshed expenmenta show that the 
application of concentrated soliitions of salts or of barium to tlie 
cpicanlmm provoke extmsj’stoles and tachjeanha Accordinglj a final 
decision has not as yet been reached 

If every specific fibre possesses tho property of forming itmiuli, 
it must be explained wh> normally they are silent and inactive, why 
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the normal cardiac stimulus develops only in the fibres of the sinus 
node Two fundamental laws of the heart explain these facts — 

1 Tlie nearer the specific fibres are located to the a|)ex the less 
IS the de\elopment of their automatism and the slower thej work 
The fibres of the smus node (the pnmarj centres) ha\e the most 
highlj developed automatism the fibres of the A V node (seconder, 
centres) have a slower automatism the Purlanje fibres in the 
peripherv (tertiarj centres) work the ^lowest 

2 If a stimulus formed m the head of the sinus node spreads 
normally over the heart it breaks through everj other more slowly 
working centre ^ and destroys the stimulus material accumulatmg 
there Everjnihere the formation of stimuli must begm anew But 
since stmiuli are produced most rapidly in the head of the smus 
node thej alwajs appear earlier tian stimuli m the other centres 
and prevent the latter from emergmg Under normal conditions 
therefore the following rule holds (for conduction) ihal centre 
controls the heart lofticA Jorma sitmuh at the Ingl esi rate 

If the head of the sinus node becomes mcapacitated through 
disease a lower area of the smus node that has remamed mtact 
assumes control If the entire sinus node no longer forms stunuh 
the secondary centres m the A \ node step in A similar event 
occurs when the secondarj centres fail and the tertiarj centres 
assume control All the deeper centres are to some extent on the 
alert and immediately appear m the breech when higher 
centres cea«e to work or act too slowly or when owing to an mter 
ruption of conduction the stunuh formed by them are not trans 
mitted 

At times a specific fibre in the heart can be altered in some way 
(the finer details being still unknown) so that the prtcedmg excita 
tion induces it to form a stimulus by it«elf this stimulus if abo\ e 
threshold may produce a new cardiac contraction The^e abnormal 
premature contractions which di»>turb the normal rhythm are called 
extrasystoles They donotowethcirongmtoanautomatic(mtrin«ic) 
formation of an impul e but to an abnormal pathological stimulus 
Since the extrasystoles arc released and produced bv the l>cat 
preceding them the> always appear at a shorter or longer mtcnal 
from the preceding beat they are alwa\s bound or coupled to it 
In e\cry case this time relation is reniarkablv constant (fixed 
coupling) 

Fxirasysloles si cvld alvays be tr en frtv ature leafs are 

• Whether a centre cotM sta cf cue Fpec 6c fibre or a group of Tbres has not 
been dec detl 
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found tn the electrocardiogram and tohen they exhibit a constant, 
usually short, coupling to anotiier beat 

bince there are specific fibres m the auncles and ventricles 
extrasjstoles can be divided into two mam groups auricular and 
ventncular extras^ stoles (Extcasj^stoles u Inch develop in the A~V 
node are discussed later, p 317 ) 

Although m animal experiments exfrasjstoles had earlier been 
observed, thej were described for the first time m man bj 
Wenckebach and Cushnj (1899) 

Ventricular Exfrasysfoles 

The discussion may he introduced by a consideration ot lentricular 
extrasystoles and by an analysis of tho disturbance of the rlijthm 
which thej produce 

The drawing m Tig 82 shows at the left tlie course of three 
normal stimuli over the heart 
node and arc conducted from 
there to the auricle and then 
to the ventricle Shortly 
after the third normal beat, 
a ventricular extrasj stole 
appears It is a rule that \en 
tncularextras^stoleamroanare 
conducted back to the auricle 
only under ter} eiceptional circumstances This occurs (m con 
trast to the dog) so rarely that only a few caMJS of tins kind ha\ c 
been described m medical literature (Snmet) To be sure the 
bundle of His readily conducts a stimulus backward toward the 
auricle but the A-V node, which is a rather poor conductor even 
m the normal direction, blocks almost all retrograde stimuli 

Since ventncular extrasystoles are not conducted to the auricle 
in a retrograde manner naturally they do not reach the sinus node 
and thus do not disturb stimulus formation there In other ivords 
tenlnctilar exirasysloles produce a disturbance of rhythm uhtch is 
limited to the tenirtde The activity of the sinus node and of tho 
auricle proceeds undisturbed, jiist as if no ventricular extrasy stole 
had occurred The sinus stimulus 4 in the drawing however 
cannot reach the ventncle since on its journey, m the A-V system, 
it encounters tissue which is stiU refractory and which has not 
recovered , the stimulus remains ineffective , it is blocked and 
the fourth ventncular systole does not follow The fifth and all 
subsequent stimuli reach tho ventricle in a normal way 


The stimuli onginate m the sinus 


w 


l-io Si (Sch^nifttio) 
rlythm tau'Cii by a 
aj^lolo 



168 CL12^1CAL BLEGTROGABDIOGRAPm 

The disturbance of rhythm caused bj a \entncular extras;^ stole 
consists, therefore, simpl} m the appearance of an abnormal pre 
mature \ entncular beat, and results in the omission of a normal 
contraction Smce the first beat after the ettras^-stole occurs at 
the same time at which it would have appeared had there been no 
extrasystole, the interval between the last normal beat before, and 
the first normal beat after, the e\trasy»toie (betw een beats 3 and o 
of Fig 83) IS just as long as two normal periods This fact was 
discovered bj Engelmann on frog liearts and was confirmed by 
Wenckebach m the hnman heart , it is called //ie law of 7namfen<7nc<? 
of the shmvlits period The jnuse between the extras^ stole and 
the next normal contraction is called compensatory because it 
supplements the shorter interval preceding the extrasj stole to the 
extent that the two mterxals together are ns long as two normal 
penods 

Formerlj as long as onlj the radial and venous pul»e cunes were 
recorded, considerable importance was attached to measuring the length 
of the post extrasjstohc interial But,atpresent, when the emplojonent 
of the electrocardiogram has become andespreail the diagnosis can be 
made at a glance so that the length of the ]^st extrasjstohc interval ta 
no longer important Smce respiratoiy arrhythmia is «o common in 
healthy individuaU the individual normal penods \arv jii length so that 
no comparable values can be obtained 

Corresponding to the appearance of a premature ventricular 
contraction, we see a premature ventricular complex m the electro 
cardiogram , no P ware precedes it, since the stimulus arises in the 
\entncle and js not conducted back to the auncle 

The ventricular complex of the cxtras^stole \anes m shajie 
accordmg to the site of its. ongm If, for example the origin of the 
extrasj stole i» located above the site of bifurcation of the bundle, 
the excitation spreads normally over the two ventricles and the 
a entncular complex appears identical to anj other norma! complex 
of the <5ame case But extrasystoles of this ty^ic are rare Experi 
ence shows that the centres endowed tnth the elronrjesl automatism 
(sinus node A-V node bundle of Rxs) are the rarest sites of ongm for 
exlrastjsfoles On the contran, the fibres I^ong more deeply (the 
nodal junctional fibres m the aiuicle, the finer and finest ramifications 
of the A-V sj stem in the ventnde), are very frequently the point of 
ongm for extrasvstoles The further one passes along the A-V 
system toward the cardiac apex, the less the tendency to formation 
of automatic stimuli and the greater the tendency to the formation 
of extrasystoles becomes Thus it happens that the vast majonty 
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of ventricular exlrasystoles ansfe far below tbe site of divwvon of the 
bundle 

Let us assume that an cvtra«^stoJe develops in the left \entnclo 
{at X, indicated in the drawing of Fig 83) 

In tius case, since the stimulus onginatcs 
in the left ventnde, naturally this structure 
IS activated first and the nght ventricle 
IS excited sub«!equently The progress of 
excitation resembles that which is found in 
nght bundle branch block An electro- 
cardiogram from such a case shows a levo 
cardiogram, widening and sphntcnng of the 
QRS complex, and a terminal deflection 
whicli IS directed opposite to the initial 

complex // 0 H 6 remoud from a tracxnQ a , Schematic 

f , ^ representation of the 

Single ienfr\nilar complex of Ihi9 li/pe,tt uolihl spread of exntation 

be impossible lo determine ulielher an extras ' ptuncular oxtm 

sgstole or a bundle branch block existed The ° 
presence in a tracing of a single premature beat not preceflcd by a 
P wave provides the diagnosis 

Fig 84 shows an efectrocardiogram obtained during an expen 
ment It was obtameil from a dog whose thorax and pericardium 



no 81 An expcrnneniBlly pnxlucod ^entrieular Dxtra«y»lole 
lU) 


liad been opened Tlie electrocardiogram is registered m Lead III 
The second tracing shows the suspension curie of the aiinclc , 
below jt flio suspension curse of the ventricle is reproduced At 
first some icguhr beats are evident The surface of the right 
ventricle was then stimulated with an induction shock As the 
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stimulus signal (shown in the top tracing) shows the break shock 
produced a aentncular cTtrasjstoIe The electrocardiogram reNcah 
all the features mentioned above A premature abnormal ventricular 
complex appears it is not preceded b5 a P wav e The extra sj stoic 
shows widemng and splintering of the QBS complex, its teniimal 
deflection is markedly depressed below the isoelectric line and 
directed opposite to the initial complex From the suspension curv e 
of the auricle it is evident that the auricle continues to contract 
rhjthmically wathout anj disturbance whatsoever Likewise 



Fio 85 VentnrtitarestrMjatole 

one suspects a concealed Pwave at the beginning of the deeph 
depressc<l S T segment it is not conducted to the ventncle because 
the latter is still refractorj 

In general it raav be said that the same abnormal ventricular 
complexes are found in the electrocardiogram from two funda 
raentallv different causes — 

1 With normal origin of the stimulus but abnormal spread of 
excitation (in disturbances of intraventricular conduction for 
example m bundle branch block) 
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2 With abnormal origin of the stimulus (for cxamjile, extra 
sjatolo or automatic '* idioventricular ” beats) 

Pig 85 shons a regular normal “sinus rhythm’ except for a 
disturbance caused by a jiremature abnormal ventricular contraction 
A single abnormal QRS complex with an abnormal terminal deflec- 
tion appears m all leads The prematoro abnormal QRS complex in 
Lead I is \erj small and almost isoelectnc The post estrasjstohc 
putre IS compensatorj since measurement shows that the interval 
from tlie last normal beat before the premature contraction to the 
first beat laftcr it is just as long as two normal periods 

The vcnlncular complex of the extrasystole ts ahnonnaJ not hecanse 
the myocardium or {he conduction system ts damaged but ts altered 
because the extrasystoh originates tn an abnormal jdace and spreads 
abnormally oier the venlrtcle 

In spite of the cxtrasystole the auricle contracts without dis 
tiirbance measurement shows that a P wave must be concealed in 
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the ventricular complex of the estrasjstole , because it is so small, 
the P wave is usually invisible 

In Fig 80 two nonnal beats with well formed P waves and 
normal iiutial complexes can first be seen then a premature 
ventricular complex, not preceded bj a P wave is noted However 
this premature contraction has exactly the same shape as the 
other sinus beats , therefore it must be ns<?ijmed that a ventricular 
cxtrasystole is present which originated above the bifurcation of 
the bundle of Hia For this reason its spread m the v cntriclea is 
the same as that of sinus licats With more exact inspection one 
discovers that the R wave of tho extrasjstole is somewhat higher 
than those of the norma! beats this occurs because tho normal 
P wave and the R wave of theextrasjstole coincide Tlio potentials 
of the auricle and ventncle snmmate and the R wave is higher 

The endeavour to establish the site of origin of ventricular 
extrasjstoles was initiated bj Emthoven According to him a 
distinction can be made between nght and left ventricular extra 
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8> stoles b\ examination of Lead I If in Lead I the imtial deflection 
of the extrasjstolc is directed upward the extrasjstolc originates in 
the right \entncle if it is directed downward the extras} stole 
anses from the left ventncle Lead m (at times Lead II) mahes 
possible the differentiation between basal and apical extraavstoles 
^Vhen the stimulus originates near the cardiac apex the initial 
complex is directed downward m Lead III if the extras\stole 
arises near the base of the heart the initnl deflection is directed 
upward in this lead More recent investigations by Storm on 
hearts in situ of monkejs are also in favour of this interpretation 
According to him itiscntirel} immitcrial in respect to the direction 
of the deflection m Lead I whether the cxtrasjstole arises m the 
anterior or postenor aspect of the ventricles whether above or 
below for in this lead the initial complex alwajs is directed upward 
in right ventricular extrasystoles and downward m left ventricular 
cxtrvsjstoles If the cxtrasjstolc originates in the groove between 
the two ventricles m the region of the descending ramtis of the 
left coronary arterj the ventricular complex of the extra**} stole 
shows a mixed form 

Investigations have also been conducted on the human heart 
winch for some reason has been exposed they confirm these state 
ments but also disclose man} exceptions to this rule This is under 
standable because the position of the heart can also decisircl} 
influence the direction of the deflection 

With these reservations it may bo said that the extrasvstoles 
in Fig 8o ongmalc from the jntraventnciilar groove near the base 
of the heart on the other band those of Fig 87 nn«e from the 
apical region of the right ventncle 

However it is impossible at the present time to state with assur 
ance the point of ongm of a ventncular eitras}stoIe moreover 
a statement of this kind has relativeh little dja^ostic import 
Nevertheless these expenmental findings poju ess great significance 
from a theoretical standpoint because tl ey tend to support the new 
nomenclature of bundle branch block they furnish evidence to 
corroborate the idea that when t**,, initial deflection is directed 
upward m Lead I the right ventncle is activated first and when 
the initial deflection is directedi downward m Lead I activation is 
initiated m the left ventncle (Wjilaon and co workers) 

In Fig 87 a ventricular ext maj-stole is seen m each lead Its 
initial deflection shows a high iR wave m Lead I and a deep S wave 
in Lead III In all probabilit} it la an extras} stole originating in 
the nght ventncle | 
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The electrocardiogram of the sums (aorma]) heats of this case is not 
normal since the T wares are very low Tlie tracing was obtained from 
a patient nho suffered from aortitis with coronarj stenosis, when the 
heart ras embarrassed after atair climbing, the electrocardiogram became 
very abnormal 

It was mentioned earlier that m \entricular e\trasj stoles the 
activitj of the auricles is not disturbed Stimulus 4 of Fig 82 
however, cannot reach the ventricle, because the latter is still 
refraetorj after the ventricular extrasybtole The blocked P wav e 
13 usually not visible since it is bidden m tlie ventncular complex of 
the extrasjstole At times, as in Fig 84 it is visible between the 
QRS complex and the T wave of the extrasjstole But if the heart 
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tiQ 8" lentnculor eitwyMoJca and Bigi« of mjocarlial injury m 
the electrocardiogram (abnormal T wb\o in Lead II) 

beats slowlj and the extrasj stole occurs very earl^ in diistole, 
then the auricular stimulus (No 4), winch is otherwise blocked, may 
appear at a time when tlio refractory stage of the condiictiou system 
and of the ventncular muscle has already ended , in this case the 
stimulus may be conducted to the ventncle anti is not blocked on 
the way If this Jiappens the Jong post extrasyetohc pause is not 
found and the interval between the last normal beat before and the 
first after the extrasj stole tends to equal one rather than two normal 
periods Since in such case, the ventricular extrasystole is meerted 
between two normal beats, without disturbing the normal rhythm 
It Ls called an \nterpo1aied exlrasystolt 

Since the normal beat after the interpolated extrasystole w ofttn 
conducted somewhat slowly to the vcntnclc because the conduction 
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sjfitem has stUlnot completelj recovered fitraa 
the extraflj'stole, this interval is usually some- 
what loiter than a nonnal period and the 
following one is 311st as much shorter 

In Fig 88 at the beginning of the 
tracing a ventncular evtrasj stole apiioars 
after a normal contraction , the electro 
cardiogram is that of a patient with 
respiratory arrhythmia The normal 
Puave ^corresponding to No 4 of the 
drawing in Fig 82) is \isible in the S-T 
segment between the imtial complex and 
the T wave But the P w ave is not follow ed 
by a ventricular complex, because the 
stimulus on its way to the \entncle 
encounters tissue which has still not re- 
co\ ered, and is therefore incapable of conduc- 
tion Forthisreasonalongpost-extrasystohc 
pause follows After four normal beats a 
ventricular extrasj stole again appears The 
P wave of the next normal stimulus coincides 
wnth the T wa\e of the extrasystole, and 
likewise 13 not conducted to the xentncle 
After two more normal beats a third 
extrasystole occurs The P wave of the 
next normal stimulus, which ordinanly is 
hidden m the QRS complex or the T tta\e 
of the extrasystole this tmie appears 
shortly a/l«r the T wave of the extra- 
systole since owing to the respiratory 
aTTbythmia the P-P interval is somewhat 
longer Tins stimulus which appears hte 
in diastole, finds the bundle capable of con 
duction and readies the x entncle with some 
delay (the P-R interval is prolonged), thus 
the third extrasyetole is interpolated 

After this cxtrasy stole no long post- 
extiasystolic pause follows and the interval 
between the last normal beat before and 
the first after this extrasystole is somewhat 
longer than a normal ponod This slight 
delay is due to the fact that the post-extra 
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systobc normal beat ns conducted slofwlj to the \entncle The 
Bubsequent pause is therefore shortened by the corresponding extent 

Interpolated extrasystoles have no different significanco than 
non interpolated ones As a matter of fact their appearance merely 
depends upon \\ hether or not the time relations permit the con 
ductiou of the first auricular stimulus after the extrnsv stole Only 
■when a great many mterpolated evtrasystoles apjiear an unusual 
occurrence are they unpleasant since they may double the heart 
rate and the patient may have for example as many as IfiO beats 
per minute in place of fiO 

In Fig 89 a senes of mterpolated ventricular extiasy stoles 
appear after two normal beats m this instance they are inserted 
in succession between tw o normal beats As n result the heart rate 
IS doubled from C2 to 124 beats per mumte The interpolation of 
extrasystoJes is assisted by the existing bradycardia Tim normal 
beats between the extrasy stoles show alight differences in the 
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form of the QRS complexes and the T waxes This happens 
because the preceding diastoles are greatly shortened by the jire 
ceding interpolate<l extrasy stoles and the patJis of conduction in the 
ventricles have still not completely recoveretl xvhen the normal beat 
appears , the normal contraction then spreads abnormally m the 
ventricles and an abnormal electrocardiogram results 

Owing to the shortness of the precedmg diastole the normal 
beat after an interpolated extrnsystole may not only bo conducted 
slowly in the bundle of His (the conduction system above the 
bifurcation of the bundle being still fatigued — atnoxentncular 
conduction disturbance) but also show an abnormal ventricuhr 
complex (the conduction path below the bifurcation linxing not 
yet recovered — disturbance of intraxentncular conduction) These 
variants are devoid of practical significance 

After the ordinary non interpolated ventricular extrasystole only 
rarely does one find an abnormal shape of tiie i>o9t extrasy stolic 
normal beat amee the long post extrasystohe interval makes possible 
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sufficient recoTerv of llie conduction piths The form of the Ti 
occasionally changes m the first post-eTtras_)stolie beat 

In accordance mth the preceding discussion \entncuhr e' 
stoles w hich originate in the same place and m the same ahno 
centre spread oaer the heart m the same vaj and nU\a\‘i pre 
the same electrocardiogram Moreoa er if one has the opjiorte 
ofob eiaingextrasjstoleam the same patient foracarc theirele* 
cardiogram shons continually the same shape , the smallest n 
and the finest splmtering remains the same It is verj rare to 
extrasjstoles of two ahapes in the hcalth\ mdisidual , m tins 
onlj these and no intermediate forms occur 

If an organic disease of the heart is present eeitml s}>c 
fibres maj become affected m such a xinj that thc> form nbnoj 
stimuli , owing to the multiple sites of origin extra systoles w! 
are polytopic (multifocal) show \anous forms In tlua instance 
sees m the electrocardiogram a continual variation in notch forma 
and splintering as well as alterations m the height and direo 
of the waxes Disturbances of intraventricular conduction cai 
bx the prematuritj of the ostrasxstoles also participate m produi 
the varjung forms of e\tras>8toles m organic heart diseases ' 
premature contraction appears so earl> m diastole that the tii 
has still not fuUj recovered from the preceding normal cxcitati 
for this reason the extrasj stole docs not always spread thro 
the xentncle in the same waj Smee the imtabiht\ of the In 
\aries especiaU> that of the pathological heart, the spread of 
extrasjstoUc aotixation is not alwaxs the same 

In mxocarditis, in the heart muscle injuries of diphtheria 
coronarj sclerosis and m>omalacios multiform extrasxstoles 
frequent Often thej constitute an earlj symptom of an orgo 
disease of the heart muscle and thex haxe the same sigmfica 
as an inx cited T w axe or wuilcniiig of the initial deflection 

Tig flOwasobtametlfromasixtj four xcar-old untrealc<lpati 
who came to the chmc because of rioctumal attacks of card 
asthma I’hx sical and \ raj cxammation disclosed a heart non 
m sue and shape the heart sounds were pure and the blood ]iress 
was normal The electrocardiogram (Lead II) shows a sligh 
inx erted T xvax e and tlie assumption of a mj ocardtal mjurj seen 
probable 

Howexer the electrocardiogram showed m addition four xi 
tncular extrasystoles all of winch exhibited different fon 
Tracings manj feet m length had to be recorded before tiro ext 
sj stoles xverc found which were identical 
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To be sure one inaj not assume that tfic absence of a continuous 
change in the form of the extras^ stoles excludes an orgamc basis 
Even when tlie extrasj stoles have an identical shape a myocardial 
affection may exist In this instance the lesion 
has awakened onl^ one centre of abnormal 
stimulus formation Onlj the opposite rule 
holds ie7ttncnJar erlrasystoles of dnerse 
shapes favour the caistence of organic cardiac 
disease 

Extras! stoles maj appeal ditnng digitalis 
tlierapy Digitalis extrasystoles constitute one 
of the most important signs of so called 
digitalis intoxication Clinical experience 
shows that digitah/atioii alone does not suffice 
for producing extrasvstoles Chnicians have 
for a long time been aware that m many cases 
despite the administration of digitalis for 
months no extrasj stoles appear whereas m 
other cases oven a fen doses may suffice to 
produce a continuous bigemuiv (Huchard 
Edens) In animal expenmcDtation regular 
(bgitalis bigeminy can never be obtained 
bj digitalis poisoning alone (KobacI er and 
Sob erf) 

On the basis of out pre^ent 1 nowledge it 
may be said that ui adcUtion to the effect of 
digitalis other conditions must be present m 
the heart for extrasystoles to appear these 
conditions are still unmvestigated and may 
vary from case to case Observation at 
the bedside shows tliat the greater the 

damage of the heart muscle the more 
readily do extrasystoles appear after digitalis 
(they are always ventricular extrasy stoles) 
accordingly the j represent an nnfaionrable 
prognostic sign At all events digitalis 
cxtrasystoles imply that tlic heart w not 
healthy Hypertiopliy and dilatation of the 
heart alone do nof augment the tendency of digitalis extrasy stoles 
to appear 

Smee digitalis acts upon the entire heart upon all its centres 
and since digitalis extrasystoles appear only in damaged hearts 
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the^ al‘?o show varying forms (Scherf) Tliw rule also has no 
exceptions In some rare instances at first there 19 only a change in 
the amplitude of the wayes, m the appear- 
ance of varjnng thickness and notching 
(sliimng) of tlie limbs of the naies These 
clianges increase as digitalis is continued 
But m most cases of digitalis extras^stolcs 
e\en soon after their appearance, one finds 
the change m the form of the yentncular 
complex of the extrasjstole so marked that 
often long tracings must bo registered 
in order to find two heats which ajipear 
identical 

Fig 01 was recorded in a patient with 
a severel} decomjiensated imtml \alve 
lesion lie had been under treatment with 
digitalis for a long time One finds negative 
P W8^e8 slight notching and thickening 
of the R waves as well as a dtffinile 
depression of the S-T segment and a 
bipbasic T wave (Lead III) Moreover, 
ventricular extras;, stoles arc present, at one 
place multiple extras; stoles appear The 
extras;stoIes are so varied in form that none 
are alike 

In other uords, »/ one sees rentneuJar 
extrasystotes 0 / tari/iny appearance tn the 
electrocardtogram, myocardial disease is 
always present , very often this disease alone 
IS wot responsible for the ertrasystoJes , 
superimposed diyitahs therapy may hate been 
proiocalne 

\Vliile digitalis extrasvstoles ajijicar in 
one individual after a few doses of digitalis 
m another patient the; develop onl; after 
the administration of large doses Thev 
ma; vanish within a few dn;s, but some- 
times the; jiersist for two or three weeks 
after mtemipting the treatment 
It is important to know whether or not digitalis therap; should 
be continued when extrasvstoles of the t;pe just desenbed Jiave 
apptared This would never bo pemnssible i£ bigcmin; were 
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exclasneJy « siyn of dtgttaha tnloxtcalion But as we have pointed 
out extrasystoles are merely a symptom accompanying the action of 
digitalis and their appearance depends to a great extent upon the 
state of the lieart muscle at the tune Since an injury of the mjocar 
dmm appealing during the course of decompensation as the result of 
an accumulation of metabolic products from oxj gen deficiency etc 
contributes to the appearance of extrasystoles it is quite possible 
that extrasystoles may appear after small doses of digitalis but 
vanish after larger amounts their di-iappearance being the result of 
the removal of the decompensation and the consequent elimination 
of one of the precipitating causes of extrasj stoles 

Tor this reason when extrasvstoles appear during the digitalis 
treatment of an mcompIeteU compensatctl patient it is well to 
continue treatment with small doses of digitalis (perhaps 0 15 gm 
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(U gm } daily) in this instance the patient should be examined 
daily and three groups of cases may be drstinguished according to 
their subsequent development 

1 In rare cases the digitalis bjgeramy does not eliauge and one 
succeeds in introducing an adequate amount of digitalis into the heart 

2 In many cases the extrasystoles which appeared after small 
doses of digitalis disappear mth continuation of the tJierapy and do 
not return At times a reduction of the amount of digitalis suffices 
to permit the therapy to be continued 

3 In the majority of cases however the ntimberof extrasystoles 
increases and if therapy is continued trigeminy appears in place 
of bigemuiy then therapy should he interrupted at once m order 
to avoid a dangerous ventricular tocliy cardia 

Since one can never predict how a case of digitalis bigenuny wall 
react to the further administration of digitalis and whether or not 
it belongs to that group m w htcli the extrasystoles will immediately 
multiply if therapy is continued the injection of strophanthm is 
contraindicated in the presence of a digitalis bigemmy 

Iig 92 was obtamed from a severely decompensated case of 

>1 8 
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eniph\sema During digitalis treatment which fniletl to mcUI nny 
impro\ement bigemin\ appcarec! Since the phymcinn in charge 
(lid not know that strophanthm ls contraindicated in the pre^enc-o 
of digitalis bigemmj lie gave an mtraaenous injection of J mg 
{l/250th gr ) of strophanthin Iifteen minutes later a \er\ fast 
arrhathmia appeared After three normal beats (after the pan e) 
seven ventricular extrasygtoles appear all are different m shape A 
few minutes later the patient died in an attack of \ entncular fibnil i 
tion Auricular fibrillation is also ea ident in the olectrocanliogram 
The same rules also hold for the extras^ stoles produced hj squill 
adonis helleborus and their derivatives 

The same kind of extrasystoles appear dunng chloroform 
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ana?sthesm The serious canhac symptoms ami the tragic instances 
of death in chloroform ame^thesia were exjilained uith the aid of 
the electrocardiogram (Levy) It disclosed at first isolated and then 
vanfonu xentncular cxtraKystoles in increasing numliers if the 
anaisthesia was continued the irregularity was converted into 
V entncular fibrillation 

In the vast luajontj of cases tho extrasyatole is liound firiulv to 
the preceding beat w Inch releases It in some wav it is coujded 
This coupling IS ustiallv exact to a hundredth of a second Great 
variation in tho coupling suggests the presence of an interference of 
two rhythms or parasystole (p 321) Under tlie«e circumstances 
one must reconl tracings several feet m length in order to obtain au 
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exiict ■analysis of the situation The extrasystoles may come very 
early so that their ventricular complexes begin on the descending 
limb of the T waves of the precedmg beats that is at a time when 
tlio absolute refractory period has just ended But extrasy stoles 
may also occur so late m diastole, that m bradycardia one may find 
a coujilmg of 100-200 hundredths of a second 

At times extrasystoles appear so late in diastole that the normal 
P A\ave precedes them although with a shortened interval Thus 
Tig 03 shoirs ventricular extra 
systoles appearing in a case of ■sc\ere 
coronary sclerosis There exists a 
lex ocanliogram and the initial com 
plexes are plump and notched The 
width of the initial deflections 
amounts to 0 10 second The S-T 
segments ui Leads I and II are below 
the isoelectric line and there are no 
T u aves In Leads I and 11 a 
ventncular extrasy stole appears after 
every txvo normal beats It comes 
so late that it is preceded by a 
(normal) Puave If the stimulus 
producing the ventricular extrasys 
tole had armed a few hundredths of 
a second later no extrasystole would 
have occurred since the normal 
stimulus would have preceded it 

Extrasy’stoles may be isolated 
events or they may followevery 20th, 

I2th, 5th beat, etc , they may also 
come after every normal beat 
(btgemmy ) 

In 04 a ventncular extrasystole appears after ever\ normal 
lieat, so that \ entricular bjgemmy is present The electrocaidiogram 
of the sinus beat is normal , the small initial deflection in Lead III 
may be found m the healthy indixidual with the corresponding 
direction of the cardiac axis (see p 28) 

A continuous ventncular bigemmj is also present m Pig 05 
But in t)ns instance the electrocardiogram of the sinus beats js 
abnormal The form of the P waves undergoes continual change m 
each lead in Lead II abnormal inverted P waves are evident 
(disturbances of ultra auricular conduction, see p 295) , neverthe 
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less tlie conduction timeisnormal The miti-il deflections in T^nds I 
find III arc notched and 0 00 second in width In Lead I tlic I waics 
are slightly inverted in Leads 11 and 111 a deep inversion of the 
1 waves IS evident Tlie tracing u» that of a patient with a rlieiiniatic 
insufficiencv of the aortic valve before treatment 
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cordio^m tnH <l««lurb«ncc of intron irtrulnr ron 1 irl on 

If two cxtrasvstoles appear after even normal beat a tngeminj 
exists Trigcminv is often wronglj assumed to be pro'sent when one 
extras^stole occurs after two normal beats If innn\ extms^stoles 
follow each other m direct 8uccos<!ion thev are callerl tnullij'le 



cilras'isloles There are gradual transitions from this condition to the 
tachjcardia-s 

Fig DC shows a group of six ventricular cxtrasvstoles The 
atrioventricular conduction time of the «mus beat is prolonged to 
0 26 second (see p 276) 



EXTJtASrSTOLES 


1S3 


Auricular Extrasystoles 

If a premature nuncular contraction apjicars, it is called an 
auncular extras^ stole In contrast to ventncular extrasj stoles 
they disturb the rhythm of the entire heart They are easily con 
ducted in a retrograde direction to the sinus node and disturb its 
activity , they are also conducted m the normal direction to the 
ventricles 

For this reason the post extmsystolic intervals are rareh compensa 
tory , the mteml between the last noraial lieat be/orc and tbc first after 
the cxtrasystole only rarely Wjuals two normal periods this occurs only 
exceptionally when the auricular extrasyetole haiipens to occur at a 
definiti plia'50 of diastole 

Just as a premature ventnciilai complex ocenrh in the electro 
cardiogram of a ventricular cxtrasystole a prennturc P wave is 
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}>ead of the emue node 

found m the record of an auricular extrasvstole the\ exhibit 
diflercnt shapes depending upon the site of origin 

In rare cases the extrasystole arises in a centre near the normal 
jiacemaker that is near the head of the sinus node The spread of 
the excitation wave of these extrasyatoles is then normal a P wave 
is observed which cannot be distinguished from the normal P waves 
of the patient Abnormal P waves are seen with abnormal location 
of the site of impulse fonnation The P waves of auricular extra 
systoles may he larger or smaller broader or narrower than normal 
P wares , at tunes tliey are inverted and spht the) ni7j be so 
low that they care scarcely visible 

In Fig 97 a premature wave appears after two normal sinus 
beats , it looks almost exactly like the P wave of the normal con 
traction (Lead I) consequently it is a premature abnoinial stimulus 
which was formed in the immediate vicinity of the normal site of 
origin of stimuli After the premature P w ave a normal \ entncnlar 
complex follow s since the aunciilai extnisy stole w as conducted to the 
ventricles m a normal manner Then a post evtrasy’stolic pause 
follows as measurement shows, it ls not compensatory the 
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interval between the last normal beat before and the first after the 
extras} stole is shorter than tvro normal periods The tracing was 
obtained from a person free from cardiac disease 

In Fig 08 three traemgs are reproduced from three different 
patients I^ad II is shown m all tracings , the tune record in the 
upper tracing is l/5th of n second, m the loner two illustrations, 
I/25th ofa second In all tracings an auncular extrasjstolc follows 
two sinus beats In the upper and lower traemgs the auricular 
extrasjstoles have mverted P wares In the middle tracing the 
positive P wave of the auncular extrasv stole is 8uperimpo«sed on the 
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T wave of the precedmg normal beat , this T-wnve is broidcr and 
higher than the normal T wave 

The first normal P wave after the auricular cxtrasj'stole in tlie middle 
tracing is higher and sharper thin the two norma! P waves at the begin* 
\wwgof the tracwig It TC^cmbles the U wave of the auricular cxtcasiTitoIe 
This phenomenon is not vmcomroon after an auncular extrasN-stole , its 
cause IS not as jet known (Lewis, Rachmilcntz and Scherf) At times the 
first post extrasj’stolic normal stimulus appears to utilize for its spread 
the same path as the extrasystole 

In the lower tracing the S-T segment of the norma! beats is 
depressed, tlie T wave is bipbasic , since this occun m Ix'ad II it 
favours the diagno-is of mjocardnl disease 

It IS impossible to determine the jioint of ongm of auncuhr 
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extrasystoles from the appearance of the P waves Extrusjstoles 
AvhicU arise m the region of the lower end of tlic sinm node maj 
also have inverted P waves The lower end of the sinus node 
extends in the direction of the A-V junction 

If it IS true that the common muscle is not capable of forming 
stimuli, auricular extrasystoles on the whole can only originate in 
the sinus node and its ivinetional hbies or m the auricular part of 
the A-V node and its junctional fibres since no other specific fibres 
are present in the auricles 

Auncular extras^^toles like ventricular premature contractions 
may be single or multiple, grouped in bigeimnvl or trigeminal senes, 



Tio Oy AuncHlar extrasyslolea m Lead II Ti'o 
S-T segnients ere depressed in Leads I and 11 

or found w itli long or short couplmg Sine© the lefractory phase of 
the auricle and not of the ventricle is the factor that ls decisive for 
their appearance, often they appear earher than ventricular extra 
aj’stoles , accordingly the P wave of the auricular premature contrac- 
tion V cry often is liidden in the T wav e of the preceding beat This 
causes a modification of the shape of the T-w ave, a shglit elevation or 
depression, slight spluitcnng etc If (he T-urtve siuldettlf/ alfers iis 
form xntfiout change m the appatnmee of the tnxUal defechon, then a 
P icute IS concecilcd %n xt Ajipreciation of this basic rule prevents 
overlooking P w<av'es whicli are hulden in T waves 

Ventricular cxtrasvaloks may appear very early in diastole, as a 
matter of fact, occasionally they are visible m the T-wav e of the preceding 
ventricular complex and hence at the end of the absolnto refractory 
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pcnod in tlie^c circiirastanccs one must aiwiinip that the KtimuIiH 
prtxlucmg the extras^ htole is ven powerful It h striking that aunenjar 
extras) htoles do not appear much earlier timn sentncular extrasi-stojps 
indewl the former occur at a tune xrhen some tunc has elajieetl sinti the 
end of the refractor\ penod of the aunclc This permits the ns-iimption 
that tht stimuli responsible for the auncularextrasv«toles art uenher than 
tho.e of rentncular premature contractions 

In Fig 09 a sinus tachxcardn of 115 beats per muiute is present 
The S-T segments of the sinus beats are distinctl) depre'vscd in 
Ivcads I ind II Since the patient was under the influence of 
digitalis this finding cannot without further infomiatioii be e\ aluatetl 
in the sense of n, mjocardial disease 

In Lead II the smus rh\thm is disturbed b) two nurjculir extra 
hvstolcs One occurs after the first normal licit whose Twavc 
ip|>eara bifid the P wa^c of tlie cxtras^stole lieing concealed in it 
An aiincular extnsi’stole also appears after the following normal 

Fio 100 An auncular cstrssjetole with di«turb»nco of intratrntncuUr 
coiwloclKm 

boat It occurs somewlnt earlier in diastole po that the Pwn\e 
IS entircl) 8upeniiipo«ed u|)on the T ware One recogiures that a 
P wire IS Inddcii in this T ware since the T is liigher and more 
peiked 

Fig 100 was obtained from a cisc with a disturbance of mtra 
\entncular conduction llic common form of bundle branch 
block ’ IS present (LckI III) Here aI«o the sinus rlndlim is dts 
turbed b) an ivmcuhr extrasjstolc The premature Pwaie is 
concoilcd in tlic T wave of the preceding beat and is recognized b) 
the slight alteration of the shajw of tlie T waxe 

Aunculirextrasj'stolcsmai like normal Piniis lieats becoiuliicted 
throvigh the A \ sj'steiu lo the xcntncles Put if the lenincular 
c-onipie\cs of the nurieiihr cxtrasj'stoles are cx mimed tIof•el^ it is 
found that tbei ranh base the same appeaniue ns the sinus licila 
of the same case (Figs and 9 •) \t times nnl) a slight mertase or 
decrease m the amplitude of the R waie the pn*s?nce or absence of 
aQ or S wave IS found In other cases lioweier the QRS complex 
of tlie auricular cxtrasa-vtole maj also lie widened and notched 
the T wave niaj also show corresponding ejiariges of fllmpc 
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Occnsionfllly the \ entncnlar complex m so filtered that on snpcrfiaal 
insjjectjon tlio presence of a ventncular extra^jstolo might he 
mssumed 

These alterations are the result of the fact that the auricular 
extrasystole usually appears so prematurely in ventncular diastole 
that the uhole of the tissue of tlio ventncle has not completely 
recovered from tlie conduction of the preceding normal beat Thus 
it happens that a small or large branch of the conduction system is 
not 3 et able to conduct normally and the auricular extrasystole thus 
spreads more or leas abnormally m the ventncle This ts called 
aberrant conduction of the aunadar exirasyaiole Since at an earl^ 
period in diastole, immediately after the end of tlio absolute 
rcfractorj* period even the most healthy heart has still not tomplctelj 
recovered, these aberrantly conducted auricular extrasystoles arc 
found at times m the absolutely healthy heart Accordingly this 
finding has no prognostic or diagnostic significance 

At a time v, hen the auncular extrasystole is due to be conducteil 
to the ventncles, the common path of the bundle above the hifurca 
tion lias sometimes not completely recovered from the conduction of 
the preceding heat In such case the auricular extrasystolo is slouhj 
conducted to the ventncle and the P-R interval of the extrasj stole 
IS prolonged WTien auricular extrasystoles appear verj earl^ in 
diastole, thej may be blocked on their journey to the ventncle, that 
is, they are not folloored b> a ventncular complex A bradvcardia 
may dexelop as the result of numerous blocked auncuhr extra 
systoles Owing to the constant variation of tone of the cardiac 
nerves and the varying excitability of the conduction tissue blocked 
as veil as normally and aberrantly conducted auncular extra 
sj-stoles may contuiually foUovx one another and very peculiar 
variations may thus develop in the electrocardiogram 

In Fig 101 three tracings all Lead II, are rejiroduced from 
three different cases xvith auncular extrasystoles The time record 
fft Che upper w C/JCh af « eecoad, ta the Aywer, if'S&th of a 
second 

In the first tracing after the first normal beat, an auricular 
cxtrasystolc appears uith a peaked abnormal Pnaxe, this is 
followed b} an entirely aberrantly conducted ventncular complex 
After a post extrasystohe pause a premature abnormal Pvaxe 
again appears, perhaps through an alteration of the xago 
sympathetic tone, this is not conducted to the xentncle, that is, 
it IS blocked At the end of the tracing a third auncular extra- 
systole may be seen , it is conducted slonly to the aentncle (pro 
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longntion of P-R interval) and also 8prcad«i abnormally \ntluii the 
\entncle (abnormal \entncular complex) 

In the second tracing an auricular extrasjslolc follows each 
normal beat (auricular bigemin\) The first auricular extras;j stole 
IS blocked, the following three are conducted nbnomiallj m \arjang 
degrees 

In the third tracing tno auncular extrasj stoles appear after 
three normal beats The P wa\e of the first ls seen distiuctlj as a 
notch in the T wa\e of the third normal beat This cxtras^'stole is 
80 premature that the conduction system has still not completely 



tio 101 Examples of aberranUy conducted and blocked auncular 
rxiraa> stoles 


recot ered and the foUotniig ventncular complex is conducted slowh 
and entirely abnormally within the ventricle Its initial deflec- 
tion IS very small ImmediatcK after the Twave of the first 
auncular extrasystole one aees the imertcd P wa\o of the second 
auricular extrasystole Tins spreads in the xentncle in a noniial 
manner 

In Pig 102 two nonnal Iieats may be seen, and then a senes of 
five auricular extnsystoles with imcrted Pw.itcs of which the 
first four are conducted normally, and the fifth i> blocked After 
the foUowmg normal beat another blocked auricular extrasystole 
occurs 
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After the inverted P-«a\es of the blocked auricular extrasjstole one 
sees a flat sluggish positue wa\em the electrocardiogram , this has been 
mentioned earlier as tin, terminal deflection of the P wave (the ‘ Ta 
wave) 

It IS evident that the variations m the electrocardiographic 
picture of niinciilar extrasj.stoJc!S uliieJi liave been mentioned are 
ttctuallj the result of their piemature appearance since in the same 



I'm 102 Multiple fturicular eomc of whiili me blockeiJ 

case one can often observe tiiat the earlier they apjicar in diastole 
the more poorly ate they conducted to and within the ventricle 
Interpolated auricular extrasj’stoles arc not observed since 
auricular extras} stoics disturb stimulus formation in the sinus node 
Isolated observations of cases reported as eiicli are open to serious 
criticism 

Mitral stenosis was present m the patient from whom Pig lOT 
was recorded This explains the large, broad and splintered P waves 



FiO 101 All niincular ftml o lentnciiUr oxtrasjstolo as well as distinct 
U ivat es in Leni) 1 


and the deep S waves in Lead I After the T wave a distinct U-wa\ e 
18 found, whicji should not be confused with a P wave Moreover, 
one sees a disturbance of rhjthm which is produced by an auricular 
and a ventricular evtrasystole 

Auricular extrasj-stoles with continually changing P waves are 
a sign of organic myocardial disease just like ventricular extra 
8}'8toles origmatuig from several foci Digitalis never produces 
auricular extrasj’stoles 
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Mode of Origin of Exlrasysloles 

Xot much 13 knoMTi concerning the finer mechanism of the 
development of extras} stoles Forbears the formation of the extra 
s}stohc stimulus has been considered different from slow automatic 
stimulus formation A distinction was made between t!iehomot}|iic 
(Henng) or homogenetic (Lcv\)s)andtheheterot}pic or lieterogenetic 
development of the stimulus The first is intended to be comparable 
to the ph}siological formation of a stimulus m the sinus node, while 
the second is said to develop as the result of some abnormal 
t}pe of stimulus production To be sure, this distinction has 
m recent }ear3 been abandoned b} most authors (Lewis, Roth 
berger Wenckebach) and the automatic and the extnis}*stohc 
stimulus formation were considered os es^entiall} similar events and 
the various e\trasvstohc aliorhjthmias were ascribed onl} to inter- 
ference of the existmg basic rhythms w ith an extra stimulus rJi}*t!ini 

Recent investigations however, have shown that not ever} tiling 
which impresses one chmeaU} and electrocardiogrophicali} as an 
extras}'stoIe develops m the same wa}, and that an explanation 
which mn} be v ahd for a special case docs not appi} to all extra 
8} stoles The usual definition of an cxtros}*8tole a premature 
contraction which appears in the midst of another rh}thm, has too 
many exceptions 

A vast majonty of extras} stoics have one common propert} whicli 
must be considered m ever} ottempt at explanation the firm 
time relation between the extra8}-8(o?e and the preceding beat, 
which remams constant despite the greatest variations m the basic 
rh}'thm Proof has now been obtained that the firml} bound extra 
systole ts released only through a foreign atnnulus and does not 
dev elop independent!} 

In older discussions at times one finds explanations of the origin of 
extrasystoles which now seem quite fantastic Thus, one author 
observed them especially in association wnlh mitral stenosis and explained 
them in the following manner since the blood cannot bt ejected from the 
dilated left auricle by one 8}*5toIe owing to the stenosis, a second, the 
extras}'stoIe, follows soon after the first Another author noted that 
extras}-Btole3 were especially common in heart block , according to him 
the extrasystole has the task of preventing too murkcil a brad} canha and 
represents a protective mechanism which the heart possesses 

In addition to the explanations of extras} stoles hv homo- or 
lieterogenetic stimulus formation, numerous other investigators, 
especiall} de Boer, have attnbuted the extrasvstole to a cirvus 
movement of the excitation wav e If the normal stimulus has spread 
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over the heart at times it is able to travel once ogam ov er the auricle 
or ventricle without becoming nrreatcd A large number of 
possibilities for the occurreueo of this circus movement have been 
discussed 

When a mammalian heart has been euitiousH treated with 
aconitine it can be sliovTi that a verj regular bigeminj occurs at a 
definite stage of the intoxication If during this state artificial 
extras^stoles are produced in various nn>s and are induced from 
the nght or left ventricle then the aame Ltnd of extrasj stole follows 
them ns develops spontaneously after everv normal beat In 
Fig 104 such an experiment is reproduced After every normal 
beat two left ventricular cxtrnsystolcs follou (I^atl III) and tuo 
right ventricular extrasystoles produced by electrical stimuli are 
also vnsible They are followed by two left ventricular extrasystoles 
that are similar to those followang the normal bents 

Irrespective of whence the releasing beat emerges xi ‘pmlucta 
Oa aamt type, of extrasyalole In othei words the extmsy^tole does 
not develop independently but is precipitated by the preceding beat 

Since tho extrasystole always has the same form regardless of 
the location of the releosmg beat it may no longer be assumed that 
the extrasystole ongmates by a wave of excitation failing to come to 
rest and spreodmg again over the heart If this explanation were 
valid then the second circle would bo obhgcil to travel m a different 
direction and the form of the extrosystolc would change when the 
spread of the excitation wave of the releasing beat altered 

Another ob«5ervation tends to support these objections In 
aconitine poisomng the interval lietwcen the extrasystole and the 
preceding lieat vi inch precipitates it contimmlly remains the same ns 
long as an undisturbed regular bigeminy or trigeminy persists If 
for instance experimentally piwluceil left ventricular bigeminy w as 
present and a left sided beat was artificially produced by stimulation 
in the midst of diastole then the coupbng of the cxtra-systole to this 
left-sided beat liecame shorter Thus is comprehensible since a 
stimulus developing in the left ventricle more rapidly activates an 
extrasystolic centre lying in the same ventricle and precipitates tho 
extrasystolc earber However if a ngbt sided beat vias artificially 
Iirodiiced it was also follow ed liy the samo type of left extrnsystolo 
Since tho stimulus developing in tho right vcntncle requires a longer 
time to reach the extrasystolic centre m the left vcntncle m these 
circumstances tho coupbng was longer Tlio increase in time (0 04- 
0 05 second) betw eon the releasing beat ' and the follow mg extra 
sy’stolo corresponds to the interv al necessary for tho stimulus to pass 
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from one \entricle to tlio other (see clwcubijjon of Imndle biancli, 
block, p 4‘l) 

In Tig 105 the coupling of the extrasj stole -which followed a 
nght sided beat correspondingly was 0 04-0 05 second longer than 
that of the other extrasj stoles The coupling is longer m proportion 
to the distance which the %va\e of excitation of the releasing beat 
must travel until it reaches the extra stimulus centre 

This observation not only opposes the assumption of the circus 
mov ement (re-entrant beat) tlieory as an explanation of the extra 
sj stoles, but also constitutes on objection to the conception that 
extrasjstoles arc released independently and automaticallj The 
same results could he obtained means of another experimental 
arrangement In an experiment a left sided extras} stole was 
present as shown m Fig lOfl , the coupling continuous!} had tlie 
same length If, by pressure, the right bundle branch was rendered 
temporanlj incapable of conduction, then tlie coupling remained 
unaltered despite a decided change m the form of the normal beat 
(upper right tracing) After the right bundle branch had recovered 
the left bundle branch was severed completely (lowei left tracing) 
The form of the left extrasystole remained unchanged , but the coup 
ling increased because the releasing wave ofeiccitation vras compelled 
to travel a longer path over the right ventricle before it reached the 
extrasystobc centre , tbo coupling was 0 04-0 05 second longer If 
at thus time the nght bundle branch was also completely severed a 
complete block existed Automatic ventricular beats occurred 
originating as they commonly do m experiments of this kind from 
the nght and left ventncle The left extrasystole remained 
unchanged , onl} the couphng was correspondingly longer when it 
followed a right sided beat 

In other u'ords, the length of the coupling *5 dependent upon the 
moment when the releasing stimulus reaches the extrasyatolic centre 

Moreover, further mv estigations indicate that the extras} stole 
actually originates m a sharjily circumscribed area of the ventncle 
When in these experiments a bigemmy was produced and the 
extras}8toles originated in a defimte known part of the ventricle 
warming of this point increased the number of extras}'stoIes and 
even caused a parox}'snial tfle)i}cardm without any change m the 
form of the extrasystoles 

On the basis of our present knowledge the development of extra 
systoles may be formulated m the following manner if a wave of 
excitation originates m some optional area and spreads to an 
abnormal centre, this nbnottnal centre ma} at tunes respond by 
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several discharges and not necessanlj by only one, just ns n nerve 
and muscle preparation sometimes responds to a single stimulus bj 
many disohargcs or contractions According to the circumstances 
of tlie c ise, this abnormal fornmlion of stimuli may nppe ir rapiiUy or 
slow Ij , lit rare mter\ als or often 

Clinical Aspects and Treatment of Extrasystolcs 

Every extrasystolo produces a considerable drstiirbance of 
cardiodynamies Extrasystolcs are premature and appear early m 
diastole Often they are so premature and the pause preceding 
them IS so short that an effective Blbng of the ventricle is impossible 
The more prematurely the extrasystole occurs the smaller the stnike 
, olume For tins reason it is difhcult to feel tlie pulse ii ave of the 
extrasjstohc contraction . if the extrasystolo is very premature, no 
pulse may be palpable m the ,ienpheral arteries (frustrane ton 
raction) If a bigeminy ts present the physician who pa pates the 
pulse may think that he has discovered a bradycardia ( ■pseudo 
bradytarL ’ ) In other words dunng the extra contraction less 
blood enters the arterial system and there is stasis behind the heart 
m the venous system But since the ^st extrasptohe mten a is 
longer than a nirmal cardiac cycle of the same patient tl.e stroke 
volume of the first normal beat followang the ex rasystole is 
much larger, the related puUe wave much stronger It the extra 
mtl advi^nced too little blood mto the artena system the next 
systole f stasis behmd the heart, m the 

?nriel“ Ii great veins is avoided and a^ufficient blood is pmpelled 
auricles an g ^ complete balance occurs it bccoraes 

toward the g j js who hove suffered contiimonsly from 

“T U manv vears show no circulatory liistarhsnces 

While «ie single extrasystolic cardiac contraction mai advance less 
While me » S . on which aU depends remains normal 
St ft ill be undeistood that dwturbonecs of the circuUlien develop 
when many extraaystoles occur without post-exlrMystohe pauses 
nir extrasystde, many nrterpolated extrasjslole,) 

r.i 107 repiSuces a puUe curve above and an electacanhogram 

111 Ldfd lU below An auricular extraay stole apjiejri after two 
Lmal belts Altliougl. it does not occur veiy [wmlmelj, fta 
pulse wave is much smaller Ilian "W™! leal If a 

?entncular extmsystole had occurred at the same f.me ,i,astole 
fta pulse wave would hove been atill amaller m 
systoles the auricular contraction preceding the lenlmjiar systole 
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lmp^o^es ^entncuHr filling The first nonnal beit nppeanng after 
the extrasjstole has a much higher puL«e wa\e than all other normal 
heats, since a longer diastole precedes it 

Since the patient had a poor myocardium a hnef pulsus alttrnans 
appeared after the extras\stole This is a serj common phenomenon 
after extras) stoles Inlig 107 the pulse which follows the high pulse 
wave 13 small the next higher, etc In the electrocardiogram one seex 
onlj a slight alternation of the form of the T ware Vt ry often nothing 
abnormal is seen in the electrocardiogram of patients presenting jtul-ni« 
altemans since the phenomenon derclops from a dwturbance of con 
tractilitv and this does not influence or only slightly influences tlie form 
of waves of the electrocardiogram (electncxl alternans, see p 17} 

The clinical diaynosta of extrasystoles is easy’ by auscultation 
without the eraploy’ment of graphic methods In an othcrviL-c 



Fto 107 Vbove pul'4? tracing aiwl below, the clectrocanliogrum cf an 
fluncular electnral altemanH m the elcctroeardio^m 

after the exfraiijstolfc puhua alternans in the pul'W tracing 


regularly contracting lieart a premature contraction follow ixi bv a 
long pause is heard If higcminy exists, that is, continuous “twin 
contractions,” usuallv with some attention the diagnosis is j)os.“ible 
even when other disturbances of rhythm are present (for example, 
auricular fibnllation) A clinical differentiation between auricular 
and ventricular extrasystoles cannot bo made 

"Multiple extrasystoles appearing at irregular intervals are at 
timea nitstaken forauricahrShnlhlion A ihflerpntuiijnn i-s possible 
liv means of an exercise test or the inhalation of amy 1 nitrite Kxtra 
sv stoles vanish during and immediately after effort and during the 
effect of amyl nitnte while the arrhythmia of filmllation is iiug- 
rnented by work 

The earlier the extrasv stole appears, the more madequato the 
filling of the ventricle and the louder the first sound ('•ometimeH it 
IS “ thumping,’ as in mitral stenosis) TJie 'c ond heart sound is 
softer to the same extent , it max even vanish since the vcntnciilar 
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filling becomes progressively im|K»re<l niith increasing prematurity 
of the e\trasj stole, and if extras^ stoics occur very early the aortic 
vah es are not even opened dunng systole In cases of this sort after 
the tu 0 normal sounds of the normal beat preceding the evtrasystole, 
only the first loud sound of the premature contraction is heard In 
a higemmy three sounds continuously arc audible so that confusion 
w ith gallop rhythm may occur 

Not rarely extrasystoles are absent at the time alien the 
patient ig examined or uhen the electrocardiogram is recorded 
Excitement, effort, everything uhicli shortens diastole or produces 
a tachycardia may cause the extrasystoles to vanish If one 
desires to make certain the diagnosis, the cxtrasystoles may bo 
elicited by three methods (1) extrasystoles appear after exertion, 
for example, after bending the knees several times , (3) they appear 
after tlie inhalation of amyl nitrite , (3) they appear dunng or after 
pressure on the carotid sinus Dunng and immediately after work, 
immediately after the mhalation of amyl nitnto (a few drops inlialed 
from a cloth as m angma pectoris), the extrasystoles are often absent 
vhen they previously were present When some time elapses after 
those procedures, when the heart has again become qmet and tho 
depressing vagus again has the upper hand, they frequently leappcar 
With the carotid sinus pressure test, extrasystoles occur during tho 
exertion of the pressure 

Usually the extrasystoles produce no unpleasant sensations , 
repeatedly one observes for months or years extrasystoles, even 
bigemmy, ukich have not affected the patient or given rise to any 
Bymptoms In many patients attention is for tlie first time drawi 
to a disturbance of canbao rhythm quite accidentally, e , by feelmg 
their pulse, by observation of the cardiac rhythm in the stillness of 
the night (pulse in the car which rests on the pilloa), or, 
nntortunately, by the examining physician 

At times, houever, extrasystoles produce considerable dj«;tress 
right from the beginning In rare instances the cxtiasystolc itself is 
felt as an unpleasant thrust The patient gives a very characteristic 
description of Jus complaints, so that tho diagnosis can be made 
solely upon tlie basis of hia report , he mentions the sensation 
of a sudden thrust m the chest as though sometlung moved 
inside , indeed, according to the imagination, education anil 
occupation, various descriptions are advanced, but thej all implj a 
short rapuily running tlinist Uke movement in the region of the 
heart Women who have borne cliildren maj speak of a sensation 
which recalls the movements of the feetus during pregnancy, 
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the Inmter of a rabbit dodging the pumiing hound, the athlete of a 
heart Mhich jumps, etc A desire to cough \nth e\erj extras^-stole 
IS a not uncommon result of an interesting reflex This cough comes 
“ b^ itself” without irritation 

More frequentlj the pauses after the ettrasj stoles arc felt 
unpleasantly Tlie patient has the sensation a s jf the heart stood stiJl 
He anxiously an aits to sec whether or not it will beat again It is 
not quite understandable why the relatively bncf post-extras^stohe 
pause produces this sensation since thsprojiortionatcly longer periods 
of cardiac standstill (for example in disturbances of conduction) are 
not perceued by the patient It is \ery probahlc that still other 
factors additional to the pause arc responsible for the sensation of 
cardiac standstill 

Among the most common sensations is the unpleasant thnist 
felt by the patient during tlie normal s\sto!e which comes after the 
extrasystole It produces similar sen«»ations and is desenbed with 
the same x md terms as the symptoms produced by the extrasystole 
Itself This fact is comprehensible in view of the larger stroke 
\olume which the post extrasystohe contraction propels Corre 
Bjxindmg to the longer diastole the flilmg of the xeiitncle is increased 
and the contraction i-s very jiowcrful In toses of insufficiency of the 
aortic X ih es or in cases of hjperteasion in w Inch the left ventnclo is 
enlarged and c\cn with regular cardiac activity’ a large stroke 
volume IS advanced the contractions after extmsystoleo arc 
particularly unpleasant 

Extmsy'stoles occur at all ages Rejicatedly they have been 
heard diinng auscultation of the fretal heart sounds Electrocardio 
grams taken immediately after birth have confirmed the diagnosis 
(Hecht Antoine) Usually auricular extrasystoles are found m 
children dunng the first years of life 

Extrasysfoles are not afwavs a sign of an organic heart disease 
Very often they occur m healthy mdividuals In some ca^es it is 
possible to determine the cause of the extrnsystoles Tor example, 
fcome poisons precipitate extrasystoles In animal experimentation 
a great many come under consideration hut m practice three are 
inniiily responsible (1) digitalis whoso aignificance lias already 
been mentioned , (2) epinephrine and related substances (epiiednne 
etc ) , for example they produce extrasystoles not rarely m cases 
of asthma, through the stimulating action of these substances 
upon the synnpathetic nervous system and on the centres in the 
lieart muscle , (3) likewise nicotine, that is, smokuig may produce 
estrasystoles This form of extrasystole is not common, and 
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jts nicjflenco varies in different countries, according to tlie strength 
of the tobacco consumed Discontinuance of smoking leads to the 
rapid disappearance of these extrasjistolcs 

In other cases the evtrasj'stoles appear, as the patient reports 
only upon excitement only some time ajtcr exertion, only m the 
right or left lateral position, only dunng deep inspiration or expira 
tion, only vnth severe constipation after abundant meals, ui chole 
Iitlnasis and m cases of cholecystitis or before the menstnnl penod 
Their origin by way of reflex is better appreciated since in ammal 
experiments, under certain conditions, workers have succeeded in 
produemg extrasystoles by stimulation of the carotid sinus (Schott) 
and since extrasystoles can also be produced by an “ extrasystolic 
centre in the central nervous system 

There is never one smgle “ cause for the appearance of extra 
systoles , rather a constellation of various factors is necessarj In 
the vast majority of cases the extrasystoles appear and vanish 
Without their cause hav mg been ascertained 

Extrasjstoles develop through an abnormal process of stimulus 
formation But it is certain that no one has tlie right, simply on the 
basis of the fact that extrasystoles ore prcbcnt, to assume the 
existence of a disease of the heart Tlie number of specific fibres m 
the auricle and in the ventricle is very large How easy then is it 
for one of these fibres to show a shglit anomaly an abnormally 
increased or decreased permeability of the cell membrane for certain 
electrolytes an uicreascd irritability or an unusual manner of 
reaction to an external stimulus ' But a heart is not necessarily sick 
in which one cell or cell group is abnormal Also m other large groups 
of cell aggregates in the organism one or another abnormal cell niav 
well be found without the organs to which this cell belongs being 
designated ‘ diseased ” One must concede that now here else is 
such an anomaly so easily recogmzetl as in the heart here a stimulus 
formed by an abnormal centre, if it is above threshold excites the 
neighbouring fibres then the entire muscle and thus leads to a 
distinct and visible disturbance 

If extrasystoles appear suddenly m a patient, we can at first 
merely conclude that a disturbance exists ni a sharply defined area 
After what has been said, it may consist simply of an anomaly 
of one cell or group of cells and the extrasystole is without signi 
ficance Within certain limits, it la then immaterial for the 
appraisal of the case whether rare or numerous extrasystoles are 
found 

But in addition of the one cell whose abnoimal activity one 
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observes m the form of an extrasjstolc, many other cells, for example 
thoco of the common mu«5ele may be abnormal, so that one must 
speak of a disease For this reason, every patient in «hom extra 
sj^toles appear must be subjected to a careful examination and 
if the result of the investigation is negative, the mdividual should 
be observed for a time It is particularly important to proceed 
in this manner when extrasj’stoles appear m diseases which experi 
ence shou-s damage the heart muscle regularl> or frequently, such 
as diphtheria, pneumonia, coronacj sclerosis or thrombosis, and 
many other conditions In many cases onl^ after long observation 
can one decide w het her or not a purely local disturbance exists u Inch 
may be safely disregarded or whether the extrasj stoles indicate that 
a cardiac disease has developed which otherwTse would not haxe 
been detected 

If \ entncular extrasj’stoles have ventricular complexes of various 
forms an organic heart disease is present 

If a patient consults a physician with the report that the com 
plaints have existed for years, then, even with the negative result of 
a smgle thorough exammation, it may be assumed that a harmless 
disturbance exists m a hcalthi individual 

After the preceding remarks a <liscu«sion of the prognosis of 
extraej-stolcs may be omitted We noted that extrasj-stoles often 
are merely harmless nonsense of the heart ’ (Wenckebach), but 
sometimes they maj be the first sign of a serious disease The 
judgment of the inividual case depends upon what can be shown 
to ^ the precipitatmg cau«e of the cxtrasj-stole 

The therapy of extrasystoles vanes accordmg to the status of 
health of the patient and the cause of the extrasystoles If the 
patient is not aware of his extrasx stoles and the exammation and 
observation demonstrate a normal heart, it constitutes a senous 
error to direct the attention of the patient to lus cardiac irregiilantj 
The layman is inclined to reganl tlie occurrence of anj irregularity 
m the constant regular rhjthm of the pulse ns a sign of senous 
disea'se This kmd of extra systoles should not be treated and should 
be disregarded altogether 

K a patient has fell lus extrasj’stoles for only a short time it is 
agam important to ascertain (careful examination, olisenation) 
w hether it is a case of extrasystoles m a healthy person or in a person 
suffering from heart disease If all the findings are normal, if there 
IS no reason for assuming the presence of heart disease, if in the 
electrocardiogram the extrasystoles do not vary m shape, then 
the harmlesaness of the disturbance should be explamed to the 
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patient and an endeavour made to convince him tJiat he can lead 
an entirely normal life The physician is eupportetl in Ins argument 
by the fact that w hile physical c\ertion is always unpleasantly felt 
by the organic cardiac patient, it is not only possible but e\ en causes 
the extrnsystoles to vanish m the patient w ith a healthy heart 

If the physician omits this explanation, if he lachs the necessary 
knowledge and emphasis, if he speaks — as happens not rarely — of 
a “ slight heart disease, " and advises care and avoidance of exertion, 
the patient mere!} sees Ins own conception strongly confirmed , he 
observes himself with increasing anxiety and i 50 on develops a severe 
neurosis which can be influcnceil only with difficulty Thus a 
tormentmg state may develop from a harmless phenomenon But 
if one succeeds m convincing the patient that his extrasystoles are 
without significance, ho soon Icams to disregard both them and the 
symptoms to which they givenso 

Ihe psychotherapeutic measures of the physician should not 
merely consist in “ tallung the patient out of lus disease,” but 
rather in exercising his entire medical authority to induce the 
patient as a healtliy’ individual to lead Im life accordingly Noth 
mg will convince a patient so completely and so quickly that the 
cardiac irregularity la harmless than the absence of any prohibitions 
or restrictions The patient must be told not to count the pulse, not 
to ‘ await the thrust,” not to count how often it occurs m a minute 
In other words, the harmless extrasystoles of the healthy’ indt 
vidual require no medical treatment For the most part the result 
of therapy depends upon the success achieved in having a favourable 
influence upon the patient and conunctr^j the patient , the extra 
systoles are not treated, but simply an attempt is made to insist 
that the patient need not trouble himself about them , this is not 
always easy, especially m neurotic indiv iduals 

If extrasystoles appear m connection with an organic cardiac 
disease, the typo of therapy will naturally be influenced by the 
associated disease As far as possible, one will treat a coronary 
sclerosis, and in diphtheria or coronary thrombosis will keep the 
patient quiet , in a digitalis bigemmy tho procedure is adapted 
according to the rules advocated earher (p li'O If definite precipi 
tating factors or causes are found an attempt should be made to 
remove them Often the removal of a severe meteorism, of a high 
position of the diaphragm, of a severe constipation, permanently 
abolishes the extrasystoles 

■Medicinal therapy can be omitted m tfie majority of cases for 
the additional reason that it aids only’ during tho period of its use , 
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A\hen the treatment is discontinued the cxtris^-stoles reappear and 
the patient becomes more disquieted than c\er Obviously drugs 
cannot indefinite!} be admimstereil 

Dnig therapj is necessary when the cxtras^-stolcs raiiltipl} in a 
threatening manner or vrhen the} cause a great deal of distress so 
that It seems advisable to aboLli them at least temporanlv and 
thus convmce the patient that we possess agents which can help him 
But It IS alwajs advisable to inform the patient prior to the treat 
raent that the extras^’stoles wall reappear after the cessation of 
treatment He maj carrj the capsules with linn and ma} take 
them w hen the extrasj’stoles are very distressing 

Since in cases of mitral stenosis auricular extra systoles frcqiientl} 
precede auricular fibrillation it is advisable when e\tras}'stoI&s 
appear to administer quinidme proph}lacticalIy m these and other 
patients who tend to fibnllate The same rule holds if ventricular 
e\tras}*stoIes develop in a case of coronar} thrombosis the} 
must be treated with adequate doses of qumidine suice other 
wise they may multiplv and produce a ventneuJar tach}cardia 
occasional!} v entncular fibrillation mx} develop The fear of giving 
qumidme b} mouth to pvtients with damaged hearts is not founded 
m fact so long as the doses eraplo}ed do not exceed those mentioned 
below 

Quinine raav be mentioned as the most effective reinedv for 
extras}8toles It was recommended b} Uenckebach (1014) as a 
substance which reduces the escitabilitv of the heart Tlurough this 
propert} and the prolongation of the refractorv phase inhibition of 
stimulus formation extras}stoles are almost nlna}s removed if 
adequate doses are aduimistered 

In the treatment of extra.s\ stoles as m all carthac therapj one 
should not proceed purel} schematicall} v\ ith the same dose in ever} 
patient Rather the amount of the drug should be adapted to the 
requirements of the individual case this is readil} accomplished 
since the result of therap} can be a er} casilv controlled bv ausculta 
tionorbv palpation of the pul>e Capsules or julls of 0 I gm (Ugrs) 
of quinine hvdrochlonde (or the more effective quinidine sulphate) 
are presenbed four to five capsule^ are administered It should 
be observed that the first dose is taken as earh as possible in the 
morning and the last late at mght If the^e amounts which are 
certainlv ver} small do not suffice then 0 1 gm (11 grs ) more is 
taken dail} until the smallest nmonnt ls determined that is sufficient 
to prevent the appearance of extras}stolcs If one finds that the 
extras} stoles still occur with 7 x 0 1 gm of qumidme distnbuted 
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tlirougliout the daj nnd none occnr uhen fi x 0 1 gm are admun- 
tcred tljcn eight cip‘?ulcs arc gi\cn and after rame time an attempt 
i? nnde to reduce the nmonnt at times success is then attaint 
with much smaller do^es 

A second drug « hicK can remove cvtrasj-stoles is digitalis At 
first it ma3 seem eontmditton that an agent n Inch %erj frequently 
produces extrasjstoles can be utilized for their removal But 
as emphasized earlier fp 177) digitalis e^trasystoles develop only 
tinder definite conditions They are easils diRerentnfed m the 
electrocardiogram from the harmless extrasi stoles of the health\ 
individual They alone contraindicate digitalis therapy However 
extras} stoles which are not the result of digitalis, as a rule vanish 
upon the adnumstration of tins remedy Very often small doses 
of digitalis suffice to suppress tlie extrasystoles only in some 
cases with multiple extrasystoles are larger doses necessary One 
disadvantage of digitalis therapy often consists m the fact that the 
patient reaUzes that digitalis i« a remedy for cardiac weakness and 
J8 alarmed by the use of the drug For this reason it is Riiggwted 
that one presenbe only those pre|iarations of digitalis whose name 
w tneanmgleas to the patient The digitalis must bo administered 
especially when because of hvpersensitmty orsllergv qumidme is 
poorlv tolerated One may employ active purified preparations 
of squill in place of digitalis 

The combination of small amounts of qumidino with digitalis is 
very effective and widely used for example in the form of Wencke 
bach s pilU these also contam some strychnine as a tome — 
Quvnidine sulphate 4 0 gm 

Pulv fol digitalis (assayed) 2 0 

Strychnine nitr 0 OG 

Mass pil q 8 pjl No C 
S Three to six pills daily 

According to the circumstances of the case this composition 
may be altered With persistent cxtrwystoles it is advisable to 
increase the dose of quimdme but at times even when no cardiac 
failure is present an uicrease in the amount of digitahs is advan 
tagcous 
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In!roduc1{on 

If by strong uidiiction sbocKs the auricle of a tlog heart l<« stimu- 
lated 100-200 times n minute, nccoith'ng to the rate of stimulation It 
uill contract 100-200 times a minute end in the electrocanliograni a 
corresponding number of P-uarca \nl! appear ; aUo Hith a rate of 
stimulation of about 300 per minute c%crj' stimiilns will yi»*ld a 
response Hut if the rate w further increased, one or another tva\e 
of excitation w lU spread abnormally in the auricles since some of the 
muscle fibres already bc«ime fatigued and no longer can condiitt all 
stimuli , the P-wa\es will no longer iltsplny the same fonn and some 
njipear abnormal If the rale of stimulation is increased to ratM 
nbo\e 000, no single inastle bundle of the nuriele will rcsi>oml to 
eveiy stimulus, the spread of excitation In the auricles will Ucome 
cntircl> irregular, and the P-wavc« exhibit a continuous xarialinn of 
form IPiM an vierea/tt of rale beyon'i a etrlain limit the nurieuhr 
ekctrocardtOQram becornta tncreannolff irrfffuhr. 

Through c\ent8 which w til be mentioned later, very high auricular 
rates may appear in man Tlie condition in which the nuritles 
are stimulated 'erj* rapidly, approximately 300 times n minute, 
and in which in the electrocardiogram the auriciiLir wnut's are verx' 
frequent but of regular form, is called aiirieular flutter. If with 
liighcr rates the auncuhir w arcs become irregular, Qi/nridar/l/ri/lof ion 
IS present The transitional form between the two comhtions is 
known a-s impure Jlulter which may be nssiimcil to l»e present wlien 
the auricular electrocardiogram shows only ^cr 5 ' slight irregiilinty 
whicli IS not sufiicicntly mark«l to l>e calJcil filirillalion. The 
aunciilar wa\cs ns-ociatetl with these high rates are not callwl 
P-\\a%ef> hut F " waves ^fihnlUtion-fluttcr waxes). 

If in the electrocardiogram one sees regular F-uxnet in jilirc of 
the single P-waxes which normally pretwlo exerj* xentneuKr 
complex, the diagnosis is auricular flutter ; if irregular F-wnxi-s an* 
found, niincular fdmllation ts present. Impure flutter lies iH-twcen 
the-^e two states It is not the auricuLir rate, hut tlic/<«-M of tl o 
auricular waves which is significant for diagnosis \Vitli a very gi»'«l 
state of the auricular masclc, one will fiml regubr F-waxes, that i*. 
flutter sometimw even with ratra of 330-400. ^\’ith dainagid, 
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functionally iraiiaited muscle fibres the T waves ma\ be irreguhr 
even Mith rates of etimulabon of JOO or le-;? and tlien auneuh- 
fibnllation is present 

Although auricular fibnllatwn hod been known for a long time 
m animal OKpermients it was discovered m man in 190) bv 
Rotlibergcr and W interbcig ns w ell as bj I ewis 

Auricular flutter in man was desciile 1 for the first time by Jo!l\ 
and Ritchio in 1010 

The Electrocardiogram in Auricular Flutter 
Tust os the appearance of P waves m sinus rhytlim so tlie 
appeiranceof flutter waves vines from case to ci'e The rate of the 
fluttering auricles often approvimates 300 pei minute but it maj 
be as low as 2Q0 and in rare cases mav rise to 400 (Under tl e 
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influence of therapeutic measures flutter rates below 200 may be 
observed ) With luglier auncular rates one F wave adjoins another 
so that tlie electrocardiogram shows an unbroken Ime of waves a 
continuous rise and fall like the teeth of a saw With slower flutter 
the individual T viaves are separated ly small isoelectric intervals 
As will Ic considered later the differentiation between auricular 
flutter and auncular tachycardia is then very difficult The F waves 
may be large or small i ointed or round positive or negative Often 
they aie inv isible in one or more leads iwually in Lead I 

Fig lOSa shows auricular flutter with 2 1 block (I^ad II) 
The form of the F waves is remaikably regular and thej appear 
at the rate of 300 every second Fwnvo is biaeoted b> a QRS 
tomplev Fig lOSb shows auncular flutter with a 4 1 block 
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Fig 10) repioduces t throe leid cicciroc'inhognm of u case of 
auncular flutter iVn unbroken chain of rcguhrh formed equal 
r na\es are evident and may best lie seen in I^ads II and III 
The r wa^es are scarcely iisihle in Lead I and give the impitRsion 
that P and T a\ es are present , on superficial inspection Lead lU 
also creates the same impression On closer examination, how 
ever one finds that the P-R interval is \cr} short, that the T wave 
ocenre too earlj after the QRS complex and lint tho V and T 
are identical m shape Moreoccr, measurement shows that both 
waxes are eqiudistint from each other There is a 2 1 block, 
sax e for a 3 1 block at the end of Lead I 
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Iio 109 Auncular flullrr m Ihe U rco leads (* 1 block) 

The rate and rhythm of the ventricles has no significance m the 
diagnasis 

In auncular flutter the xentncles mnj I>cat in exerj conceivnhle 
ratio to the auricles and with an) possible rlij-thm Occasionally 
even auncular beat is conducted to the xentncle so that not only 
300 auncular contractions but just as many xentneuMr bents occur 
Fortunately such a high rate of the ventricle is uncommon since it 
presupposes a xen good slate of the conduction sxstem and a low 
xagal tone ^ery often only every second or third Hunctilar 
stimulus IS conducted to tlie xentncles Then a 2 1 bloik (half 
rhythm) exists or a 3 Irhythin the xentnculnr rate being one third 
of that of the auricles But since -I 5 b 1 block may occur, n xen 
marked bradycardia may be present m flutter Tlie degree of block 
IS not always constant Very often it changes so that the xt utricles 
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contract irregularly , by virtue of the fact that this irregutanU of 
conduction often recurs every possible allorhy thmia may dev e!op and 
upon clinical examination erroneous diagnoses occur all too easily 







ria 111 1 xornplM of swwcuJar flutlff niUj \ftr able 1 lock 

indLstmct in Lead I Tlie diagnosis would not be easy from I^ad JI 
alone since sums bradycardia with noinnl f and T waves might bo 
assumed Aleasurement with dividers, however awakens suspicion 
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that regular flutter exists although onl> erne T wave that in form 
suggests a P wax e IS visible, nhile the other flutter waves are hidden 
m the QRS complex and the T waxc 

In Fig 111a the auricular flutter with 2 1 block sunilar to 
Fig 109 IS again shown in Lead II , since the F waves arc concealed 
m the initial and terminal deflections, the diagnosis is not cas\ 
Slowing of the ventricle as the result of carotid pressure (in the middle 
of the tracing) permits the regular F WTvves to appear Fig 111b 
shows flutter with varjnng 4 1 and 2 1 block so that the diagnosis 
of bigemin} might be made upon auscultation (note also the deep 
Q waves in Lead III) In the other tracing of Fig 111c there is 
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‘luncuhr flutter With 3 1 and 2 1 block Since at some places the 
T waves coincide with F waves, a remarkable tracing develops 
Fig 112 shows another instance of auricular flutter But since 
the F waves show slight variations in form, it maj be called “ impure 
flutter The appraisal of the appearance of the F waves is possible 
onlv where thej appearmthemiddleofdiastoleand are not deformed 
association with a QRS complex or a T wave The low voltage 
in Lead I does not necessarily indicate onl> a low }X)«ition of the 
diaphragm with a “dropiicd heart” since it is also found in the 
early phases of a developing dcxtrocanbogram the R vvavc has 
alreadv become low , but the deep S vvavc has not as jet appeareil 
QRS-complexes of this tj^ie are common in mild mitral stenosis 
Diflicultics are encountered m diagnosis when tlic F waves as In 
Figs 109 and 110 are hidden in the QRS complexes and T vvavi-s 
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TJnis there are coses of atincuhr flutter «oth 3 1 block in xrliieli 
one P-nave falls witlnn the QRS complev, a second is hidden in the 
T-\\a\e and the tlnrd occurs in ventricular diastole and looks like a 
normal P-nave so that owlmary sinus rhjtJim is assumed and tlie 
flutter IS overlooked (Fig 110, Lead II) 

Likemso, when flutter mth 2 1 block is present one may at 
times mistakenly thmk of a siiios tachycardia smee reguLor, fast 
P-QRS-T compleves are seen (Pig 113) But after some practice 
it becomes easily apparent that the P-R intervals are remorkablj 
short, the T waves he very near to the QRS complexes, the P and 
T waves are identical in form and appear equidistant from each 
other A pair of dividers must alwajs be emplojed to determine 
wliether or not the distance between two presumed F waves aie 
equal Measurement will often immediately levesl that no flutter 
exists and in other 


cases confirms the 
of flutter 
In tins connection, 
however, it should 
not be forgotten that 
also in harmless 
tachycardias, if they 



attain a certain rate, the P-T inteival may he just as long ns the 


T“P interval Reference will be made later to a method of (Ufteren 


tiation betw ecn the v anous forms of tachycardia and flutter (p 255) 
Here it need merely be sud that (he clectrocaidiograpliic diagnosis 
IS not always possible 

Yevy often tiie diagnosis can be made onlj from one lead sine^ 
the r waves are not distinctly visible in the others A chest lead 
(to tlie light of the stenium, p 150) at times is necessary for the 
diagnosis 

It IS not always easy to say which F-wave js conducted to the 
ventricle Tins liolds particularly for cases with variable anriculo 
ventricular conduction But this question has merel}’ theoretical 
and no practical interest 


The Electrocardiogram m Auricular Fibrillation 
The fibrillation waves m the electrocaidiogram may be extremely' 
variable in tbeir appearance There may be very large coarse 
P-waves or very small, scarcely visible, " fine ” fibrillation waves 
For practical purposes it is uramportant whether large or fine 
fibrillation exists , the difference is purely external The F-waves 
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are often absent in all leads In these cases the di ignosis is nia le 
from the complete lenlncular arrhithmm anil the absence of 



P waves If one desires to 
confirm the diagnosis an attempt 
to record auneuhr ^^a\cs L} 
means of a chest lead is reeom 
mended 

Fig 114 shows aunculir 
fibrillation There are no 
Pwa^es m their place one 
sees continuous F waves which 
are irregular m form (esiKoiuIh 
distinct in Lends I and II) Tl c 
aentncles contract entirely 
irregularly The \cntrjciilar 
electrocardiogram is m general 
normal actually tlie initial 
deflection is somewhat plump 
the xenj small mitial deflection 
in Lead HI may ajipear nor 
malJy (p 28) 

Complete arrhythmi'i of t! e 
\entncle the deltnitm toriha of 
older medicine is the rule m 
nunciilnr fibrillation Often one 
hears the name arrlnthnna 
jicrpctua but it ought to be 
avoided amco the auricular 
fibnUation and tliereby tl e 
mrhvthmia may vanish in 
other words it may not be 
perpetual As a matter of fact 
it 13 not always easv to recog 
nize the arrhythmia "W ith ven 
glow cardiac action and likewise 
when the rate is verv fast often 
prolonged auscuftation and the 
registration of a long tracing ii 
necessary to dcnionstrate tl e 


arrhythmia distinctly In some 
cases auricular fibnUation is accompanied bv regular ventricular 


activity then complete heart block co exists 


WBlGVLAn riBRILlAllO\ 


2n 


1 jg 115 was obtained from a patient with a mitral valvo Ic’^ion 
and auricular fibrillation A dextrocardiogram is present wathoiit 
signs of mjocirdial damage The ventncular rate had been greatly 
reduced bj digitalis The 


r waves are easily recog 
nized in the long diastoles 

Fig 116 represents an 
example of a very common 
type of fibrillation with 
finer waves TlieF waves 
are perceptible at onl^ a 
few places and arc then 
indistinct At tunes they 
are entirely invisible The 
tracing w as obtained from 
a decompensated patient 
with mitral stenosis 
Correspondmgly a dextro 
cardiogram is present 
TlieS T segments and the 
T wav es in Lead IT and 
cspeciallj m Lead III arc 
depressed below the iso 
electric line (result of 
hypertrophy) This type 
of tracing is frequently en 
countered in progressive 
mitral lesions with fibnlla 
tion 

In Fig 117 auncular 
fibnilation wath heart 
block 13 present The 
ventricle contracts regu 
larlj seventy two times 
a minute The clinical 
diagnosis is not possible 
vvithout the a'lsistance of 



graphic methods since 

upon auscultation a regular normal cardiac action was hcvrd 
Complete heart block is not rare in fibrillation since the comluction 
to the ventricles of the v erj rapid and therefore very weal fibnlla 
tioii stimuli is very easily oletnicted if the vngd tone is high or 
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the conduction system impaired. An inrompkU block Is present in 
every case of fibnllation. 

Tlie arrhythmia of the ventricle in aurictilar (ibnllition is 
explained by the fact that stimuli from the fibrillating auricle reach 







Fio. 110 Auricular fibnllntiftn "line ” F a tlextrucBrjliogram 
and opp<ruf<Jj directe«l terminal ilcflretion 

the ventncic vetj* irregularly, in other uortU. an irregular Work 
eusts But the reason for the irregular conduction of the auricutir 
stimuli IS at present unexplained. 

Smcc owing to the continuous fihriUation wn\cs liie gnlrnno- 
meter string “vibrates,’* confusion with distorted tracings due to 


I' 


Yvi AwjtmlM awit «.W!W.Vcvv??\t.t«ul5kt WWU 

tremor of tlio p.iticnt, external influences acting ujion the Ptalulify 
of the apparatus, etc , is not rare, but is avoidable if care Is taken. 

Since the ventricular coniple^es are fciijwrimpo^ed iijk)!! the fihrd* 
lation waxes, tliey can be decidedly altererl by the prevenceof coarve 
fibrillation This holds for the QRS-comi>Iexci which may show 
xerj’ marked differences in Bmplitudc, but especially for the T-wavt^ 
wl'icli maj liccome lost in the F-waxes so tint their defection L< 


i 1 I I 
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impossible With high \entnciilar rates the diastole is ^e^J short 
and there is no definite T-P intenal ui nhich F eaies may be 
sought In such cases the du^nosts can be 
made from the changing form of the ventricular 
complexes and from the complete arrhythmia 

The difference in the electrocardiographic 
picture of auricular fibrillation and flutter is 
evident from Fig 118 v here during the registra 
tion of the electrocardiogram the annciilar 
flutter spontaneou<5ly passed into fibnlhtioii 
In the first part of the tracing there is auricular 
flutter Mith 2 I block , the regular up and doirn 
movement of the flutter waxes maj be seen 
distmctlj and it will be notetl that e\ery second 
flutter wave is bisected by a xentnciihr complex 
Very suddenly the tracing Iwcomea irregular 
r waves of irregular shape are obserxed in the 
short diastoles and the ventricuhr complexes 
also become entirely different In fibriflation 
the ventricular complexes are continuouslj 
summated bj' irregularly shaped F waves and 
thus the amphtude of the initial and terminal 
deflections constantly varies 

Ventricular Flutter and Ventricular 
Fibrillation 

Very fast ventricular tachjcardias, the rate 
of whicli is usually about 300 per minute, are 
designated as ventricular flutter However it 
IS not rare for paroxysmal xcntnculac taclij 
cardn with a rate of 250 or less to bo described 
as ventricular flutter Since auricular tachy 
cardia with a rate of about 200 is often designated 
as auricular flutter when the auncular irares 
show the picture of “ the teeth of a saw," this 
differentiation is logical One must concede 
that a sharp distinction Iietween paroxysmal 
tachycardia and flutter often is impossible 
Some authors regartl only those cases as xen 
tricular flutter in xvhicii the QRS complexes foUoxv one another in an 
unbroken chain, no isoelectnc bne appearing between the indiv idual 
complexes and these complexes showmg no details such as splintering 
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anatomically demonstrable smus disease is not the essential factor 
m the appearance of auncnlar fibrillation 

Auncular fibrillation occurs at all ages of life, but it is mucli more 
common in the older age groups (coronary sclerosis) Auncular 
fibrillation is also found m infants especially after pneumonia 
this is comprehensible since it has become known that pneumonia is 
often accompanied by my ocardial lesions 

Oinng to the complete arrhythmia Avhich even upon prolonged 
investigation does not reveal any regularity, auricular fibnllation is 
easy to recognize When the action of the ventricles is slow, at 
times the irregularity is not immediately evident, moreover, the 
distmction of fibrillation from multiple auricular cxtrasystolcs of 
irregular sequence is occasionally difficult In both mstances an 
examination after shght exertion or after the inhalation of a feu 
drops of amyl nitrite assists With an mcrease of ventricular rate 
the arrhythmia of auricular fibrillation becomes more distinct , on 
the other hand extrasystoles w lU vanish Even without an electro 
cardiogram an oversight in recognizmg aiu-icular fibrillation should 
no longer occur , the diagnosis can always be made by means of a 
fairly careful examination 

Auricular fibrillation usually' develops very suddenly In many 
cases It appears after increasmg numbers of auncular oxtrasy*stoles 
In some cases, therefore, these constitute a warmng sign 

There are rare cases in which at any time the fibrillation can be 
precipitated by carotid pressure or by deep breathmg 

Fig 121 shows at the beginning (left side of the upper tracing) 
a sinus beat with a depressed S-T segment duo to digitalis therapy 
In the T wave of the first ventnciilar complex the P wave of a 
blocked auricular extrasystole is hidden It appeared m the course 
of a deep inspiration After the second normal complc'X another 
auricular extrasystole appeared and introduced a very brief attack 
of auricular fibrillation A blocked auncular extrasystole also 
appeared after the fifth and seventh ventricular complexes and two 
more after the sixth An attack of paroxysmal auncular fibnllation 
recurred during deep breathing followmg the auncular extrasystole 
after the eighth v entncular complex (begmnmg of the low er tracing) 
and then became converted into auncular flutter 

By deep breathmg these attacks could over a long penod be 
reproduced at will Digitabs reduced only the ventricular rate 
diirmg the fibnllation 

In auricular fibrillation the aundea are stimulated 400-600 times 
a mmute Witli increasmg rate the force of the mdmdual contrac 
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tions becomes progressively weaker 
and %vith 4OO-G0O stimuli, such as 
appear in iuiman auricular fibril- 
lation, contractions are no longer 
perceptible. If in animal expen 
mentation one loolcs at the fibnl- 
lafing auricle from a distance it 
seems to stand still. Only upon 
closer examination a sliglit vibra- 
tion, a welling and quivering of the 
auricular ivoll is seen , this has 
given rise to the name fibrillation 
Tliese extremely fine uncoGtdinatetl 
movements of individual groups of 
muscle fibres in the auricles natur- 
ally are useless for the propulsion 
of blood. For this reason one can 
say that in fibnUation the auricles 
do not function. It is inadvisable 
to speak of paralysis ” ; on the 
contrary, an actmfcy with an ex* 
traordmarily high rate of activation 
is present. 

If the results of auricular stand- 
still arc to be understood, one 
must recall the significance of 
normal auricular action for tlie 
dynamics of circulation. As the 
result of an auricular contraction a 
very material amount of blowl, 
about one third of the strohe- 
volurae (20 c.c.), is rapidly ejected 
into the ventricle. Since sliortly 
before contraction tlio ventricle 
rapidly is filled under pressure, tlio 
initial tension of its muscle fibres 
increases and, according to the 
well known fundamental Jaw’ of tho 
heart, the contractile power 
increases correspondingly. If 
we take an instance in which the 
auricle.s suddenly ccaso neti\ely 




Fjo. 121ft andb Tho lower tracing (bj is « continuation of the upper (al Tlurm.! bi piiw I ra^niration, there nppcart'U numerotw, in part 
bloelkcd, atinciiJar extra'ijutoJes as well na attacks of auricular flutter and tibnllalion 'n ul the ts-T bPgmciita dntt to digitalis. 
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to contract vhk the tenlrtchs continue to trorl at the eame rale the 
omission of the auricular contraction naturalK leails to a tlecreasc 
of the ventricuLar filling and to a stasis in the aunclcs Ihe stasis 
and increased pressure in the aunclcs results in an increased amount 
of blood entenng the 'lentncles dunng the following diastole so 
that despite the absence of auncular action ventnciihr filling i? 
adequate and congestion is 'i\oidcd 

The absence of auricular contraction is ualhout great signifiaincc 
09 long as the rate of ventricular contraction isslou and conespondinglj 
long dtatloles maLe possible good venlncular filtiig When the 
\ entricular rate is high the short dia«ftolc docs not jwrmit 'idcqimic 
\cntncular filling and then auricular action Iiecomcs imjiorfant 

From this it follows that patients in uhom owing to a high 
vagal tone or to a poor status of the conduction s}a^tcm not more 
than 80 atimuli a minute arc conducted to the \cntriclc ma% feel 
just as well as normal In such cases the fibrillation is often du' 
covered accidentally and the patient is not aware of it Not rorcl} 
during ward rounds m certain cases sinus rliytlim ts noted on one 
day and auricular fibrillation on another ‘Many patients feel no 
vrorso on the fibriUationvdays than on others as long as one 
condition LS present te the\ow ventricular rate If the patient is 
a neurotic indivndual who contimially feels hi« pul c the irregiilanij 
may create apprehension But trRew jAe rcnfncidnr role m loir i< is 
detoid of significan~€ Indeed m discussing cxtrasy’^tolcs it wa-* 
noted that owang to the vanable Mling of the ventricle resulting 
from the irregulantv the imhvadua'j venlncular contmctioas mav 
have rarvang force and advance va^Jl^g nmoiints of blood but 
since the short pauses are always followed bv long ones each small 
volume is rapidlv balanced by a larg-er volume and disturbance^ 
are thus avoided One may recall that n^pirntorv arrhvihmia of the 
healthy person at times causes greater rreguHnty than is fouml lu 
auncular fibnllation with ft low ventnCular rate AccortUngly it 
may lie concludeil that oinng to the tcoi^trful alapInhtUlj of thr 
heart to varying conditions the arrhythmia ^ont is not harmful h? 
it 19 accompanied by loo high or too loic cardiac rate Only the 
presence ^ senous dt ea«^« of the heart mu^^cle or of the v can 
disturb this adaptability 

In patients with slow fibnllation that la auncular fil nllation 
vnth a slow ventncular rate no special treatment w nece^’arv 
However indulgence in considerable exertion cau'Cn lle-e jatients 
to foci worFC than indiv iduals with sinus rhv thni bcraii^t the mcrrfl‘«c 
m acfclemtor tone accompanving physical exertion rn] ulN uni roves 
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the conduction to tlie ventricle and the pulse rate rises Repeatedly, 
one encounters patients uho have had fibrillation for years and 
who, since they have the good fortune to maintain a lou 
ventricular rate, show for years entirely normal circulation without 
treatment 

Unfortunately cases of this type represent the exception As a 
rule, when auricular fibrillation appears the conduction from the 
auricles to the ventricles la mucli better, and the ventricular con 
tractions follou onennothersorapidly that ratesof ISO SSOandmore, 
are not unusual The higher the rate the more rapidly sev ere dis 
turbances of circulation appear The length of diastole shortens 
with increasing rates If the auricles were still capable of function 
tlie^ could rapidly press some blood mto the ventricles , but since 
they are ‘ paralyaed the ventricular content ahra>s remains 
reduced With a ventricular rate of about 200 only 50 beats can 
at tunes bo felt at the periphery Only those ventricular con 
tractions winch develop after longer diastoles produce a pulse 
most others follow quickly upon one another and are fnistrane 
thev advance little or no blood so that the pulse is not palpable 
This 13 called a pulse deficit , it is proportionately greater the higlier 
tho ventricular rate If 50 contractions among 220 produce a 
palpable pulse tho pulse deficit amounts to 170 The size of the 
pulse deficit is a measure of the degree of circulatorj disturbance 

Smco the diastoles are so short that man> ventricular con 
tractions are ineffective, the blood stagnates in the auricles before 
reaching the ventricles and less blood is propelled into the arteries 
But since in a tachycanha the right ventricle ejects too little blood 
and correspondingly tlie left recenes too little the blood collects 
only in front of the right veiitncle, t e in the right auntie and the 
great veins The neck veins become engorged with blood the 
patient complains of compression of the neck, the h\er swells 
rapidly, so that pam is felt m the nglit upper abdomen, and vomiting 
occurs The patient becomes pale as the fillmg of the artenal 
system diminishes and the blood pressure falls Congestion on the 
tenons side, defechie filling of the arfenal side of the greater circulation, 
and absence of stasia in the lesser ctrcvlation, are typical of these 
cases The higher the cardiac rate the more rapidly this picture 
develops 

All vessels receive less blood than normal , the blood supply of 
the coronary arteries is also affected so that the heart muscle w Inch 
owing to the iinusuallj rapid action needs a great deal of oxjgen 
jioorly iiounsbed (p 1J8) Ihe myocardial injury occasjr « 
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(abnormal ventncular conipleies) since tlie conduction sj'stem could 
not sufficiently recover during the short diastoles 

In short, there are three different pictures in connection m ith the 


appearance of auncular fibrillation If the 
ventncular rate is approximately 80, the 
fibrillation produces no change in the sensa 
tions of the patient The more the rate exceeds 
80 the faster congestue heart failure sets m 
If the rate is over 100 fainting and even sudden 
death may result In other words everything 
depends upon the xintrxcular rate The danger 
of fibnllation is proportionate to the \cntricuhr 
rate 

For this reason treatment must be mainly 
directed towards the reduction of the ven 
tncular rate and keeping it low It is well 
knowTi tint excellent success is provided by 
digitalis therapy Digitalis acta uiion the lieart 
in manifold ways Apart from its action upon 
contractility it lengthens the so called total 
refractory phase (the sum of the relative and 
absolute refractory phases Scliellong) and 
increases \agal tone (probably by wav of a 
reflex over the carotid sinus) Both impair 
conduction to the ventricles eveu relatively 
small doses of digitalis suffice for these 
purposes , these amounts are much smaller 
than those required m cases of sinus rlivtlim 
since the fibrillation stimuli owing to their 
rate, are also proportionateh weaker and much 
more easily depressed Since tins action of 
digitahs occurs very rapidly and regularly 
(failure of the slowing effect of digitalis to 
appear is a ery rare and apart from the heart in 
hyqiertliyTOidism almost always terminal), the 
action la spectacular in the decompensated and 
fibnllatuig patient Ever since the beginning of 



digitalis therapy it has been known that digitalis gives its best results 


in cases with a rapid, irregular and small pulse In such t it 

the action upon the muscle but the effect upon the ft 


important Digitalis treatment also has the adv 


trolled very easily If the rate is between 70-SO, 
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ap])ear because its presence markecllv Jmp^o^es tbe status of the 
patient after the use of digitalis 

The rule of giving digitalis in auricular fibrillation only as long 
as the ventricular rate is abo\e 80 holds only 
wlien fibrillation without an> additional myocardial 
weakness exists If muscuKr failure is present 
this also requires the use of digitalis In rare cases 
of auricular fibrillation even in decompensation the 
rateiscontmuallj low since theA Vsjstemisable 
to transmit onij a few stimuli to tlic ventricle Tins 
isadvantageousforthepationtsinceaharmfultachj 
cardia does not occur but it also has *i disadvan 
tage in that it leads the phjsician to witJihold the 
digitalis therapj that may be necessary for other 
reasons since the heart is already sufficiently slow 
without it In other words if signs of decom 
pensation are present digitalis thenpj must be 
instituted eien when bradycirdia is present 
Since in cases of auricular fibrillation mjo 
cardial disease often exists and large do'.es of 
digitalis must be giien very frequently one finds 
ventricular extrasystoles of varying shape siicli as 
have been described earlier (p 17fi) 

Tig 123 shows ventricular bigemmv and 
trigeminy in auricular fibnilotion with o constant 
change in the appearance of the extrasy stoles 
Since digitalis awakens the automatism of the lower 
centres abnormal automatic beats (sixth ventricular 
contraction from the left in the tracing) also appear 
In auricular fibrillation digitalis tlierapv is 
jmrely samptomatic It w not directed against 
the fibrillation but against the increased a entncular 
rate Accordingly the question is raised whether 
or not one should treat tho fibnllation itself This 
lias become jiossible since Wend eliacb discovered 
that quinine abolishes fibrillation frequently one 
can succeed in defibnllating the patient with 
quinine and induce sinus rinthm to return A1 
tiiough this therapy yields results in about 70 jior cent of tlie cases 
it IS not recommendeil for indiscriminate use 1 irst of all there are 
throe contraindications winch decisiveU forbid the use if (|umine 
or tlie more desirahk substitute qumidine 
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curastances the patient s condition can be improved intli certaintj 
Such cases to be sure are not common A few examples maj be 
cited A subtotal tliyroidectom^ has been undertaken in a patient 
iMth severe hyperth 5 T 0 idism and auricular fibrillation but without 
marked enlargement of the heart After the operation all the 
Bi^ns of hj perthyroidism vanish but the fibnilation persists and 
compels continuous digitalization In such a patient an attempt 
to defibnllate itb qumidme may be made, since thereby a complete 
restoration of health maj be achieved Another instance auricular 
fibrillation appears during the course of pneumonia The pneu 
monia subsides but the fibnilation persists In such circumstances 
one has not only tlie right but the dutj to attempt to restore sinus 
rh^ thm Again a jiatient with mild mitral stenosis u itliout marl ed 
dilatation of the left auricle begins to fibnliate In this instance the 
fibrillation may be harmful because it parnl^'zes the auricles the 
contractions of which matcnallv assist m maintaining compensation 
indeed auricular activity helps by forcing blood into tlie ventricle 
In these cases the defibnUation ls usually not permanent as it is in 
the two examples cited earlier However if it is possible for onK 
SIX months to mamtain full compensation without digitalis this has 
Its advantages 

Prior to qumidme treatment it is advisable to digitalize the 
patient until there is a ventricular rate of “0-80 Tlien digitalis 
may be discontinued and qumidme started Duniig qumidme 
therapy stnet rest m bed must be maintained smee the patient 
requires supervision the treatment should on principle be carried 
out only in a hospital 

At first a Single dose of 0 25 gm grs ) of qumidme is given b> 
mouth , the more powerfully acting qmnidino is superior fo quimne 
If by the novt morning no manifestations of by persensitiv ity Jiave 
appeared if v ertigo and tinnitus diarrhcea and ery thema are absent 
then the actual treatment is started Smee the mamfestationa of 
hy persensitivity are not rare and since occasionally they may attain 
an alarming degree the administration of a test dose is uncondi 
tionally advised 

The procedure employed is as follows 


let day 

3 X 0 2o gm ( 1| grs ) qumidme 

2nd liav 

4 X 0 2 » gm 

lid dav 

5 X 025 gm 

4th day 

b X 0 2.> gm (or 3 X 0 50 gm ) 

5th day 

3 X O-SO gtu 

ftli day 

3 X OSOgm 

7 th day 

3 X 0 50 gm 
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Quimdine should not be employed (1) ulien fibrillation has 
existed for months or j ears Tlie auncies especially the auricular 
appendages, stand still 48 a rule tlirombi are deposited in tlietn 
and may become detached uhen sinus rhythm returns and thus 
powerful auricular contractions are re instituted severe not lateK 
fatal embolism maa result Umbohsm unfortunately is not a rare 
eient nitli qumidine therapy 

Quimdine therapy is also omitted (2) if the left auricle is greath 
enlarged even when auricular fibrillation has been jiresent only for 
a very short tune (only a fen days) Instances of this hind usualli 
occur in hearts mtU mitral stenosis so that the danger of tiirombosis 
13 especially great and therefore requires special consideration 

Since qmnidme is a cardiac depressant and moreoier, since very 
large doses must he given this therapy cannot be employed (3) when 
signs of cardiac failure e\ist or senous myocardial disease must be 
assumed 

Moreover even nhen the contraindications just cited ore not 
present qumidine need not always be giien As a matter of fact 
statistics shoM that while m a majoiiU of cases emus rhythm is 
restored by quimdine, the figures also indicate that only transient 
results are secured Unfortunately they are often only (|uite brief 
in duration i^fany cases again begin to fibnllate within a few days 
after the discontinuance of quinine therapy , m others, fibrillation 
recurs after weehs or months and there are only relatiaely few cases 
m which it does not recur In hyperthyroidism defibrillation has 
scarcely any value, since the tendency to fibnllation is so great that 
without successful treatment of the underlymg malady sinus 
rhy thm lasts only a short time The same holds for many cases of 
mitral stenosis coronary sclerosis etc To this may be added tlie 
fact that in most cases the return to sinus rhythm brings no decisn c 
improvement, and the patient usually does not percoiie tlie trnns 
formation at all 

Qmnidme treatment of fibnllation, aimed at the restoration of 
Ktrms AytViTfi, isvicvfT snttiyftdahcwdty andvtaltd vi 
since the same success can be obtained with digitalis For this 
reason one must always ash wliether or not there is justification for 
subjecting the patient to danger without the assumnee of more 
certain fa\ curable results Indeed defibrill ition is ulwais asso 
ciated with a certain amount of danger, even when the contra 
indications mentioned aboi e are observed 
\ Accordingly quimdine therai^ is advised only when there are 
definite reasons for belieiing that with due regard for all tlie cir 
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cuni&taiices the patient’s condition can bo impro\ ed ^nth certamtj 
Such cases, to be sure, are not common A few examples may be 
cited A subtotal tliyroidectomy has been undertaken in a patient 
witJi severe Iiyjierthyroidism and auricular fibrillation, but without 
marked enlargement of the heart After the operation all the 
signs of hj perthyroidism vanish but the fibrillation persists and 
compels continuous digitalisation In such a patient an attempt 
to defibrillate with quimdine may be made, since therebj a complete 
restoration of health maj be achieved Anothei instance auncular 
fibnllation appears durmg tlie course of pneumonia The pneu 
moma subsides but the fibrillation persists In such circumstances 
one has not only the right but the dutj , to attempt to restore sinus 
rhjthm Again a patient with mild mitral stenosis without marked 
dilatation of tlie left auricle begins to fibnUate In this instance the 
fibrillation may be harmful, because it paralyzes the auricles the 
contractions of which materially assist m maintaining compensation 
indeed auricular activitj helps by forcing blood into the ventricle 
In tlieso cases the dcfibritlation ls usually not permanent as it is in 
the two examples cited earlier However if it is possible foi only 
SIX. months to maintam full compensation without digitalis this has 
its advantages 

Prior to qumiduie treatment it is advisable to digitalize the 
patient until there is a ventricular rate of 70-80 Then digitalis 
may be discontinued and qmnidioe started Dunng quimdine 
therapy strict rest m bed must be maintained , since the patient 
requires supervision the treatment should on principle he earned 
out only m a hospital 

At first a single dose of 0 25 gin (7J grs ) of quimdine is given by 
month , the more powerfully aelmg quimdine is sujierior to qumme 
If by the ne\t morning no manifestations of hypersensitivity lia\e 
appeared, if y ertigo and tmnitus diarrhcea and erythema are absent, 
then the actual treatment is started Since the manifestations of 
hyjierBensitmty are not rare and since occasionally they may attain 
an alarming degree the administration of a test dose is uncondi 
tionally advised 

The procedure employed is as follows 


1st day 

3 X 0 25 gra (31 grs ) tiijinKline 

2nd day 

4 X 0 25 gm 

3id da\ 

6 X 0 25 gm 

4 th day 

G X 0 25 gm (or 3 X 0 50 gm ) 

5th day 

3 X 0 50 gm 

0th day 

3 X 0 50 gm 

7th day 

3 X 0 50 gm 
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In other words, one begins with a dose of 3 x 0 2 > gm per dicm 
and increases the dose bj ft 2 > gm each da> In feeble jiitients in 
\oung indiiidiials and in delicate women it is well not to exceed 
1 '5 gm a dat Onl^ in robust adults w itb a good m> ocardium do the 
authors increase tlie dailj dose to 2 gm >.atiirall\ larger doses aiv 
giien onh when the smaller amounts are tolerated , if untoward 
effects of qumidme apjiear then tieatment is mterrupted If the 
fibrillation ceases on one of the seven da^s (it ma\ stop on the first 
or second) the mitial dose of 0 25 gm tliree time® a da\ is continued 
for a few daj s and then stopped If examination on the eighth da\ 
shows that the fibrillation is still present the treatment is interrupted 
and one must remain resigned to digitalis therap 3 Onl\ when thedo^e 
IS increased cautiously and gradually and ijumidine is not prescribed 
in too large doses and not for too long a time are iinde.sirable com 
plications avoided Since quinidine never rniwi be given it is better 
to a\ Old It vf there is an\ doubt about its being ncccshxrN or tolerateil 
During the administration of qumidme the puKe rate often 
increases considerably this ls particularli striking ns the heart 
IS usually quite slow from the preceding digitalis therapy Tins 
untoward action winch not rarely disquiets the plnsicinn in charge 
has its ongm m the property of qumidme of juodiicmg a peripheral 
paralysis of the lagus As after an injection of atropine so after 
qumidme no depressant action on the heart ma\ occur experiment 
allx when faradie stimulation is applied to the trunk of the vagus 
If a corresponding dose of qumidme (0 2 0 3 gm ) is mjected intra 
venously into a healthi person its duwt parahzmg action on the 
vagus may produce a considerable tachycardia only when larger 
doses are administered does a direct parah zing action on the specific 
fibres and therebx a slowing of the rate become e\ ident In ci^es of 
auricular fibrillation this effect of qumidme causes the disappearance 
of the ventncular slowing prexioush induced bx dlgltaII^ This 
acceleration of rate is b\ no means a dangerous sign 

Often digitalis is not administered alone m fibrillation but js 
coTfiVrtrieA •mtVi tjwrrmViTje Tbe wTAagWfc.'rt.xu 
the two drugs mentioned above makes this tombmatiori seem 
inappropnate upon theoretical grounds Chmeal experience likewise 
IS not favourable , as a matter of fact the most c'lsential coinjionent 
of digitalis iction m auricular fibrillation the increase in \agal tone 
IS abolished by qumidme 

Clinical Remarks on Auricular Flutter 
Auricular flutter often regarded as a prehmmarv stage to 
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fibrill^itjon nppeirs under the Rame conditions as fibrilJation But 
it IS by no means a necessaiy prebmmarj stage it is much nrcr 
tinn hbnilation 

Tiic clinical diagnosis is not ahrajs ea8> If a continuous 4 1 
or 5 1 block is present the ventncle contracts regularly with a rate 
corresponding to the normal (I^gs 108b I lie) In cases of this 
1 ind the regular very fast \enous waves produced bj the fluttering 
auricle only rarely arc seen in the neck although when evident the\ 
facilitate tiie diagnosis Onl\ in shgliter grades of block (2 II 1) 
does a tachycardia cxLst at first to be sure it cannot be differen 
tiated from a simple acceleration of cardiac action Verj often the 
block IS irregular so that at clinical examination all possible alio 
rh> thmias and e\en the complete arrhjthmia of auncular fibrillation 
are presumed to be present 

With some scmtiny the diagnosis of auncular flutter is usually 
possible without an electrocardiogram if the existence of this 
disturbance is considered The auncular rate in flutter usually 
ranges around 100 but it may he between 200 and 400 Since in a 
inajout) of cases a 2 1 or 1 I block exists tlie ventncle contracts 
betueon 100 and 100 times a minute For tins reason jt should be 
made a rule that the possibility of the existence of flutter should 
always be given consideration when such vcntncular rates are 
liresent Hie differentiation of flutter from simple acceleration 
then hccomes simple In sinus tachycardia even sitting up and 
ospccialh standing up or slowly nalkmg around the room causes a 
slight increase in rate on the contrary m flutter the ventricular 
rate remains unaffected under these conditions since change in 
jiOMtjon or slight movement does not influence either auricular 
activity or conduction to the ventricles But if greater exertion 
IS permitted for example the 1 nees are beat fifteen to twenty times 
or when this cannot be performed a few drops of amyl mtnte are 
inhaled from a cloth for twentx seconds m sinus tachycardias 
a simple acceleration afijicars and then gradually subsides on tho 
rontnirv, m auricular flutter the lowering ot vagal tone and the 
increa‘!c of svmpathetio tone lead to better conduction le to 
‘ unblocking the flutter rate m the auricle is not changed. 
Ilieiebya2 1 block may appear m place of a 4 1 m this instance 
for example a ventricular rate of 100 will increase to HO oravery 
fast tachveardia of iflO may apjicar in other words tlicre is a 
simi»le mathematical ratio between the rate befoi-o and after tho 
eAcrcjsc or before and after the inhalation of amyl nitrite Some 
minutes after the exercise the rate returns to its original level , at 
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times this occurs suddenly but more frequenth the change follows 
a brief arrhj thmia 

Fig 124a shows auricular flutter with a 2 1 block, after 
bending the knees twentj fire tunes, e\erj stimulus was conducted 



a I, 

Flci IJl Auriculsrflutterdunngmit tTith2 Iblock(s) after exorcise 
a full rhjthm appears (b) 

(Fig 124b) , the ventricular rate became exactl^v doubled and 
increased from 107 to 214 

In Fig 125 on superficial examination one might think that a 
normal sinus rb^’thm was present since normal V waves arc followed 
b\ initial and terminal deflections which are normal in shape 
Measurement witli dividers however shows that auricular flutter 
with i 1 block exists again one T wave is isolated one is con 
coaled b} the initial and another the terminal deflection But 
smua rlij*tbm ma> occasionally occur in which the interval between 
the waves is accidentally equal Since the diagnosis could not bo 
made from Load II, which is reproduced nor from the other leads, 
the electrocardiogram was recorded after the patient had chmbeil 



stairs If a simple sinus rhydbrn existed cardiac acceleration alone 
w ould appear after the exercise But in this case as is evident from 
Fig 125, the ventricular rate mcreasetl exactlv oO jier cent In 
place of a 3 1 block a 2 1 block developed The auricular rate 
w-as 272 The ventricular rate with 3 1 block amounted to 00, 
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with 2 lblocktol36 thatis ifterexerci e it inciei^ed evactiv 
45 beats 

In auricular flutter not rarelj an irregular block exists so that 
the examining physician makes a diagnosis of auricular fibnilation 
Here also an exercise test or the mhalation of anij I nitrite facilitates 
the diagnostic decision In fibnilation the icntricular irregulantj 
IS augmented in flutter a continuous 2 1 or 3 1 block occurs in 
place of a varying 2 1 and 3 1 block 

TJie subjective complaints if patients with auncuhr flutter 
varj considcrablv \\ itb high degrees of blocl and for tins reason 
low \cntricular rates the patient ma 3 feel fairlj well and al^o does 
not require treatment eases of this kind are not tmcomnion 
Some must merely refrain from heavy work otherwise the 
unblocking leads to a ver\ fast tachycardia and marked palpita 
tion But it should be evident that flutter with ail block and a 
corresponding ventricular tachycardia cniisca symptoms and that 
these appear the more riiidh and severely the higher the rate of 
the ^entnclea For this reason everything which was d sotissed 
in the chapter dealing iviih fibrillation might be repeated here it 
was fctate<l at the time that it is not t! o nuncuhr anomaly but the 
ventricular rate which is significant 

The treatment of auricular fluttei is moie (bfhciilt than that of 
fibrillation In the latter by small doses of digitalis causing a 
shglit increase of lagal tone the weak auricular stimuli can be pre 
lented from reachui,, the ventricles But m flutter the auricles 
contract much less frequently and therefore more powerfully the 
stimuli winch reach the A-V system are stronger and are not 
blocked on their way to the \entncle by small doses of digitalis 
No slowing of the \eutnclo is obtained after the usual amounts of 
digitalis If larger doses are adnuntstered they may provide an 
effect blit larger amounts of digitalis cannot be given over a long 
j criod of time 1 ecause tbo most unplcvsant untoward effects soon 
appear lor this reason digitalis therapy fails if it is earned out m 
the usual manner 

However animal exjienmentation has shown that auricular 
flutter can immediately be converted into aunciilar fibrillation when 
the vagus in the neck is stimulated by a farndic current It is a 
simple experiment vvhich is successful every time \ senes of 
hypotheses have been devised to explain tins action but all of 
them remain unproven Nevertheless this experimental observ ation 
IS utilized clinically m that patients with aunciilar flutter are 
treated with very large doses of digitalis (corresponding for example, 
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to C X 0 1 gm (0 grs ) a day) Thus an attempt is made to produce 
a sharp increase of vagal tone m order to obtain the same result as 
■\^as produced m the animal electncal stimulation of the \agus 
this procedure succeeds in a fair percentage of the cases In many 
patients digitalis tlierapj must be earned to the point of vomiting 
Digitalmc Nativelle (10-15 drops three times a day) is most effective 
because it is verj toxic and cumulates readdj 

inien libnllation appears treatment becomes mucli easier at 
that stage much smaller doses of digitalis are required to prev ent the 
recurrence of flutter and to maintain a slow ventncular rate To be 
sure there are cases in which a slight reduction of the close of 
digitalis permits the flutter to recur 

If digitalis has proven ineffective the patient continuing to hav e 
flutter while taking large doses of digitalis qiiinidme is tried in the 
same wav as was mentioned in regard to fibrillation The danger of 
embolism is much less because m flutter tlie auricles contract more 
powerfullv and thrombosis rarely occurs 

Put unfortunately there arc cases m which neither digitalis nir 
()Uimdine are successful and flutter persists wnthout change In 
these cases there is no other therapeutic possibility which can le 
applied with expectation of 8ucce«s After some months have 
elap^ied one ma\ rejieat both agents at times with more success 
As wath fibrillation there ahrays remains the hope that some 
day the flutter will suddenly vanish Occasionally the flutter is 
converteil into flbnliation for unknown reasons and the situation 
rapidly improves 

Clinical Remarks on Ventricular Flutter and Fibrdlation 
The clinical aspects of ventncular flutter wdi not be discussed at 
this juncture because all the essential phases of the subject are 
considered under tlie heading of ventncular tachycardias Just as 
it is difficult to draw a sharp limit between parowsmnl auricular 
tachycardia and auricular flutter and just as ono cannot alittiys 
bay which of these two conditions is present so many cases of 
paroxysmal ventncular tachycardia ate designated as ventnciifir 
flutter Indisputable ventricular flutter is very rare usually a 
very fast ventncular tachycardia is present 

If in ventncular flutter even wnth a rate of iOO the circulation 
IS profoundly thstiirbed then the onset of ventricular fibrillation 
w ill signifv immediate standstill of U e circulation and in most cases 
death Ventricular fibrillation is perhaps the most common cause 
of death in disease of the coronary arteries It occurs suddenly 
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onli rarely 13 it foresliaclowed bj jioIytoiMC extras} stoics In rare 
cases ventricular fibrillation appears for only a couple of seconds or 
minutes, recovery or the return to regular cardiac action honever, 
IS exceptional In the clmpter on Stokes Adams sjndrome some 
additional remarks on this subject will be found (p, 300) 

It IS interesting that most attacks of transient aentncuhr 
fibrillation are observed m patients who for some reason bale 
received an intravenous injection of qiimidinc (Schwartz and Jezer) 
Often this happens m coses with a disturbance of nunculo ventricular 
conduction who show extrasjstoles tachycardias and \entnculnr 
fibrillation This action is paradoxical because quinidine nonmJJi 
depresses stimulus formation in the heart and icmovcs fibrillation 
However in experiments it has been observed after aconitine was 
emploved (Scherf and Siedeck) 

The fact that the same agent at one time maj paralv'ze and at 
another time may stimulate the formation of extrnsa stoles liolds 
not onl} for qumidine but also for numerous other substances 
In this connection it nia} bo rcealleil that digitalis abolishes the 
oxtrasyfitoles (p 20 1) vi Inch occur in hcaUli} individuals but under 
certain conditions precipitates (hem in diseased hcirts (p 177) if 
digitalis therapy is continued it may produce even ventricular 
fibrillation The same holds for epinephrine potassium calcium 
oto Actuall} it can be affirmed as a general rule that according to 
the state of the receptive organ (in this instance the specific fibres 
of the heart) the game stimulus may act in entire!} opjiositc w ays 
Ventricular fibrillation also ma} appear w lien digitalis or stropban 
thin IS continued despite the presence ofdijjitahs extras} stoles 
No treatment is of an} avail In animal experiments one can 
immediately terminate tlie fibrillation bv an intravenous or better 
an intrncardiac injection of a 1 per cent solution of IxCl If then 
one washes the solution of potassium chloride out (sv} in a 
Lnngendor/T heart preparation) and perfuses the heart with a fresh 
nutrient solution it ma} contract |)owerfull} for a long time In 
I'learts tn atlu one succcecfs onfy rarefv in expressing the potasKium 
1)} long continued careful massage and reviving the heart loi 
obv 10U8 reasons tins method is not ajiplicable in man But numerous 
cases linve been observed m which the attacks of ventricular libii! 
lation ceased spontaneously and gave waj to sinus rh}tbm (cose of 
Pig 120) 

Origin of Flutter and Fibrillation 
Tiie mode of origin of auricular fiutter and fibrillation is onl} 
imperfectl} understood Altliough scarcely an} other patliological 
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condition cm cxpeninentnllj bo priKiiiccfl «itli riuIi ease ami 
regiilantj our iinderbtanding of tho clinical condition is still in tlie 
stage of tlieories and attempts at explanation 

Among the latter the authors discuss onl) two all the otliers 
ha\e been discj\rdcd as knowledge of tins disturbance of rhjthni 
has become more extensive bj an exact stiidr of tho clinical forms 
of this phenomenon and on the basis of v erj impressn e animal 
expenments 

According to tho view of Engcltiiann Hcnng Winterbcrg ami 
others m flutter and flbrillatioii the undcrhing disturbmcc is a 
lery fast rate of stimulus formatton winch originates in multiplo 
local sites of actuation this ma^ take place in the most direrm 
areas of cardiac muscle Subsequent ammil cxpenmeiits led 
Rothberger and Winterberg to the conception of me centre of 
stimulus formation tins has become plausible b> virtue of the 
clinic'll observ'ition tint auncuhr and ventricular fibrillation maj 
end abruptlv usually vnthout an intermediate nUcration of the 
electrocardiographic picture If several foci were active it would 
seem improbable that tliev should alwavs become inactive simu! 
tnneoush In this conception fibnllatinn would constitute the 
utmost disturbance of stimulus formation Tlic site of abnormal 
stimulus formation was fomierlv locateil m the sjiccific tissue of tho 
hinus or A-\ node but it seems that fibrillation can have its onpin 
wherever specific fibres are present 

Repeatedly scepticism has been expressed whether or not so 
rapid a formation of stinuib would be j)os>iblo for a long |)enod 
frequently throughout life In tins connection it may bo said tliat 
normal cardiac rates of 300 or more occur in manv mammals , m 
many birds a canliac rate is normallv found winch exceeds tliat 
occumng in human fibnliation 

Aoconbng to the circus morvmenl thcori/ winch is supportoil bv 
the investigations of Slaver Mines Oarrey and I«cwis niincuhr 
flutter and fibrillation are ascribed to n very rapid circulation of one 
or j)crhaj>s of several waves of excitation in one or more closed 
muscle paths of which manv ate present in the auricle 

Tins explanation becomes more comprehensible if the basic 
expenments of May cr and Mines nro recalled A tortoiMJ heart may 
be used ns an example The heart of tliLs animal Ins only one 
ventncle and the apex and base can be removed so that only a 
muscle ring remains vrlnch one can slide over the finger (Fig 120) 
If tliLs muscle ring IS at apv ojdional place stimulatwl bv an induction 
shock, a wave of excitation spreads over it m both directions and 
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stops nlien the waves meet But if one stimulates at A ami simul 
taneously, by means of a damp, compresses the muscle next to tlic 
site of stimnlation, the \\k\o of excitation can go in but one direc 
tion namely, that which is not obstructed by the clamp When 
the wave of excitation returns to its point of 
origin, and if this is agam excitable (the clamp 
having been removed in the meantime), the waic 
again can circulate over the jwth Hfinj rejietitions 
of this fundamental ex})enment have shown that an 
excitation which is comiielleil to move m one 
direction m a closed circuit can circulate for 
hours The wave of excitation passes around 
several hundred times a minute the more rapidlj 
the smaller the rmg and the better the state of the 
muscle fibre '5 

Even the first investigators w ho performed tins 
exjienment raised the cpicstion of whether or not 
auricular fibrillation deielops tbroiigli the circulation of such a 
wave It is known that not only closed musculature exists in the 
nuncio but also a well develo|)crl nctwoik of muscle bundles (Fig J) 
The “central or mother wave” (Lewis) could circulate m such a 
nng and the waves of excitation, 
radiating ccntrifugally from it, could 
excite the auricle and ventricle 

But how does this circulation occur 
in man, what is the substitute for the 
clamp, what takes the place of the 
electrical stimulus of tJie experiment ? 
As a matter of fact, ns the following 
discussion shows, there is actually the 
]*ossibihtj of imitating the clamp and 
the electrical stimulus m the heart 
Fig 127 shows the sinus node and its 
junctional tissues One of the fibres 
leads to excitation of the muscle ring 
A from there it jiosses tlirougli the 
auricular muscle paths and the A-V sj stem to the ventricle, V It 
may be assumed that a wave of excitation passes over the auricle 
and immediatel> thereafter an auricular extrnsj-stole ongmates at x 
In regaid to auricular cxtrasjstoles it has been stated earlier that 
owing to their prematuntj thej encounter tissue which has not 
recovered as 3 et, and for this reason tliej are often retarded m the 



. AuiIcuUf tinf ( 1) 


Fio 127 Schematic «lrawmg 
of the circus n' 10 % ement theory 
in auricular fibrillation 



Pio I’O Sche 
matte draw 
ing for the ox 
planation of 

movement 

theory 




23G CLI^ JCA L ElECTUOC iBDWOJi -i PIl 1 

buiuUo of His or arc not c\en conducted to tlic ventricle 'llius, it is 
possible that the auricular extrasjstole occurring carK, Iinds the 
auricular tissue so incompletely recovered from the conduction of 
the precedmg normal stimulus that it is transmitted in the muscle 
ring A onh in the direction of the arrow Through this unidirec 
tional movement the chief condition for the circus movement is 
given and the mechamsm is actually conceiitifcle However, it is still 
tinpToien 

Numerous objections to this interpretation can be rni«ed , there 
are cimical and experimental observations which nro susceptible to 
different more simple and perhaps better interpretations (Roth 
berger interherg Scherf) It is also difficult to understand circus 
movement in ventricular fibrillation and flutter, that is m states 
whose electrocardiograplne picture closely resembles auncnlar flutter 
and fibrillation There is no clo<«ed muscle nng in the ventricle, but 
simplj a sj ncy-tium of muscle fibres It is also difficult to understand 
according to the circus movement theory why continuous fibnlJatioii 
ippenrsonly in muscle bundles winch eontnin specific fibres (Nomura), 
but otherwise is nlwais absent The auricular appendix i"ohfcd 
from the aunclo by clamping ceases to fibnlhtc (Gnrrcy ) 

Lewis endeavoured to secure proof of circus movement b\ two 
mam methods Utilizing a double string galvanometer, the electro 
gram of the fihrdlating auricle of a dog was registered by a 
direct lead viith Lead IT simultaneously reconlcd B\ moving 
the electrode to different parts of the aunclc it could be decideil 
when the auricular area under investigation at the moment was 
excited and by sampling all of the parts of the auricles it could be 
demonstrated that the central or mother wave utilizetl the same 
circular pathwav In practicallv all of the cases examined (one 
exception) it went up or down tho tornn tccminahs, eiuhraccil the 
supenor vena cava above and the inferior vena cava below , the 
circle was closed posteriorly But for technical reasons this final 
sector of the path could not be investigated and I^ewis could onlv 
assume its utilization bv means of calculations Nevertheless, the 
final and conclusiv c proof was not available 

LikewLse an objection is tenable (Rotlibergcr) against a second 
exjienmental arrangement vihich is emploved to prove the correct 
ne«s of the circus movement theory I<ewis recorded the electro 
cardiogram of a patient with aunciilar flutter himultancousli in 
three leads and calculateil the direction of the spread of excitation 
from the form of the auncnlar waves He concluded that it circles 
around 360 degrees But the spread of excitation of the central 
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w ave in a snmil bancJ of muscle camiot be deduced from the fonn of 
the F wave tlie activation of this path scarcely produces a de(lec 
tion m the electrocardiogram the auncular wave depends jinmanlv 
upon the activation of both auricles which according to the circus 
movement tlicorj ])roceeds through centrifugal waves which radiate 
out in all directions from tlie central wave 

The following experimental arrangement also speaks against the 
circus movement theorj viecording to Lewis in fluttei and fibril 
lation the cential wave practically always employs a pathway which 
embraces the t»nia termmalis accordingly in animal experiments 
performed in dogs an attemptwas made to interrupt this path by 
a broad transverse ligature across tlie tsenia termmalis In sixteen 
out of seventeen experiments the flutter remained unchanged and 
contuiued without modification of the electrocardiogram m a 
single experiment it imme<hately stoppeil this cessation does not 
prove much because m experimental auricular flutter any contact 
of the auricle now and tlien leads to a restoration of sinus rJiydlini 
In a second senes of expciiments a stnl mg observation was made 
namely that the form of the flutter wav^ had rennrkable similantv 
to the P waves at the time If certain patlis were tied off for 
example the intcrauncular bundle described by Bachmaim which 
decidedly modifies the form of the P waves then the form of the 
P waves changed and the form of the flutter waves now approxi 
mated the form of tlie P waves 

In these experiments in otxler to study the form of the flutter wares a 
heart blocl was produced by cross section of botli bundles In this way 
the tachycardia of the auricles was prevented from reaching the ventricles 
Pig ISSshowssectionsof tracingsfromthreeexperiments They shovvthe 
vast similarity between the form of the P waves and the form of tie 
flutter waves If the P waves are negative then tl e fi itter waves are 
negative if tl e P waves are splintenil tl e flutter waves are splintereil 
also 

This identity of the form of the P wav es and of the flutter w av cs 
13 difficult to understand accorduig to the circus movement tl eory 
particularly when it is recalled that according to Lewis tl e circus 
wave is sujiposed to utilize the same pathway in practicallv every 
animal experiment regardless of the site of the stimulation which 
caused it 

Another argument against tie circus movement theory is the 
following obseriation Several cases (Cookson and Clark Kennedy 
Pai-aonnet and Parent) have been observetl in which the auricular 
rate m auricular flutter eudtfeiily lalved Tims ui one case it fell 
from 412 exactly to 200 ami in another witii an auricular rale of 
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400 (as measurement shows, although tlie autliors report a different 
figure), exactly to 2 10 Cookson and Kennedy are convinced as to 
the correctness of the circus mQ\ ement theory, so that the^ propose 
quite implausible suggestions m order to avoid recourse to an> other 
exjfianation Among otliers the> iliscuss the possibilitj’ tJiat the 
central wave suddenlj employs a path m the auricle w Inch is exactly 
twice as long so that tlie rate becomes one half In our opinion it 
IS much more reasonable to assume the following interpretation 
412 stimuli were eontiniiouslj formed and transiently the auricle 
responded to only every second one (Camp and Scherf) 

In an experiment it is not difficult to produce fibrillation of 
either the right or the left auricle whereby the unaffected chamber 
continues to beat m a alow rhythm (Scherf and Siedeck) 

On the basis of these observations wc beheve that the existence 
of a circus movement m auricular flutter and fibrillation is still not 
completely established In the light of our present knowledge, 
circus movement as the cause of flutter and fibnilation is yust ns 
unproven ns the theory of rapid formation of stimuli Some observa- 
tions suggest, however, that flutter and fibrillation arc entirely 
different from otlier types of rapid stimulus formation in a centre, 
for example, in paroxysmal tachycardias This is evident from the 
fact that auricular flutter and flbnllation cannot be arrested bj' 
vagus irritation ns is the case m the tachycardias , rather they are 
aggravated and prolonged Whereas stimulation of the vagus 
abolishes paroxysmal auricular tachycardia, it transforms auricular 
flutter into auricular fibrillation 
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THE TACHYCARDIAS 


The taclucarchas are appropnateU classified ns smus tachj 
cardias and parox\smnl tnclncardias The latter group la eub 
divided into three tjpes 


Sinus Tach>cardla 

In sinus tichv cardia the most common form of the tachv cnnhas, 
tnere is simph an acceleration of the normal sums rhythm It 


lift 







Fio 120 (LraU II ) Vbtntf an canliogram ilurine wl (a) in 

tlie mid Ilo I'lnii'* tii^livcanla after mumt*** of >>lnnJn^ (b) 
bolow after an mjcotion of atrop no (c) 

occurs after rapid vvalhing or from other forms of phvpicnl exertion , 
it IS found in febnlc patients in whom the nte mmaves nboul &-10 
beats for each degree of tcmiieratnn, above normal It develops in 
poisoning with ntropme epinephrine etc , it ls a common sv mptoin 
of hvpcrthvToidism of cardiac neuroses and m patients vuth unstable 
vegetative nervous sv stem and imtable hearts There are infect loits 
diseases and apparently harmless chilK in which the patient inav 
exhibit an accelerated heart rate for weeks after all other morbid 
symptoms and signs have dtsapiwated 
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Sinus tachjcardia does not 
ahvajB represent a harmless acce- 
leration of the pulse To be 
sure, tlie cardiac rate usually 
ranges between 100-120 but maj 
rise to 160-180, and even reach 
200 If the minute rate etceeda 
200, sinus tachycardia usually may 
be excluded, paroxjsmal tachj 
cardia being present It is com 
])rehensible tliat with these higli 
rates circulatory disturbances may 
appear 

In auius tachj cardia there 
is a cliaraotenstic and distinct 
acceleration of the rate upon 
the slightest physical es-ertion, 
such as the change of position of 
the patient Thus, in a case of 
hy perthjToidism or of a cardiac 
neurosis a rate of 120 per minute 
may be found during (juiet rest in 
bed but upon standing the rate 
may rise as high os 180 This 
leiuarkahle instability of the 
pulse and its susceptibility to 
effort and excitement is chaiac 
t e r 1 8 1 1 c of sinus tachy cardia 
and decidedly reduces the 
functional capacity of the mdi 
\idual 

The electrocardiogram of Fig 
120 nas recorded from a case of 
cardiac neurosis The upper 
tracmg (Fig 129a) shows a sinus 
tachycardia with a rate of 
140 

Fig 129b shows a marked 
cardiac acceleration after five 
minutes of standing The minute 
rate is 187 By xirtue of the 
tachycardia the diastole has be 
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come so short that tlie P wa\es are hidden in the T ua\es of the 
preceding beat 

From Fig I2ac it is e\ ident that the cardiac acceleration follow- 
ing a subcutaneous injection of 4 mg (1/120 gr ) of atropine amounts 
to onh 102 

The electrocardiogram of sinus tacli\ cartlia shows the j icturc of 
an accelerated cardiac action with normal origm of excitation T1 e 
ventricular complexes ha\e the form otherwase characteristic of the 
individual when the tach\cardia affects a healthj person tl e\ are 
normal m form when in addition to the sinus tacli\cardia dis 
turbances of intraA entricular conduction exist thej may appear 
abnormal Differential diagnostic difficulties arise when the rate 
IS fast and the ventricular diastoles become increasingly shorter so 
that the P waves to an increasing degree are merged with the 
T na\e^ of the preceding beats and are finally concealed in them 

AccordingU in Fig HOa one sees a sinus tachycardia which 
becomes incrcasmgh faster produced m a licaltliy itulividiinl b> the 
inhalation of amy 1 nitrite The T waves more and more merge w ith 
tlie F waves until finally tbe two waves cannot be distmgnished 
from each other (see Fig HOb and also Fig 120b) Onfu«ion with 
other forms of tachycardia is especially po««ible wlicn a patient witli 
a fully developed sums tachycardia is examined Keferenco to 
this will bo made later 

Classification of Paroxysmal Tachycardias 

Paroxysmal tachycardias are difTcrentiated from sinus tarhy 
cardias by their sudden begmning and sudden end they begin hixo 
lightning as suddenlv ns a light is tumcil on or off and end just ns 
abruptly At times the sudden beginning of cardiac palpitation h 
also mentioned by patients with sinus tachycardia One may recall 
the palpitation of fright But smus tachveardias alwavs decline 
slottlv in contrast to the sudden cessation of the paroxysmal tv pc 
Sinus tachvcardia m hvjierthyroidism in cardiac neurosis or after 
infectious di eases v anishes onlv after the lapse of weeks although n 
tachvcardia after exertion mav vanush m the course of a few 
minutes 

Tliree imncipal forms of jianavsiual tachycardia are distin 
gmshed (I) paroxv^mal flutter and paroxvsinal fibrillation (2) 
paroxysmal ventricular tachveanlia and (3) paroxysmal auricular 
tacliscardia Tbe other rare forms (atriov entncuhr tuchveardia) 
are considered ol ew here 
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Paroxysmal Flutter and Fibrillation 
These are verj common conditions The disturbances considered 
in tlie preceding chapter do not always last for a long time nor do 
they alwajs pereist for a long period to vanish spontaneouslj or 
after therap} Frequently they remain for onl^ a short time for 
seconds minutes or hours Smce th^se atlacls begin suddenly and 
end svddenli/ and sinco tliey are usually accomiianied by fast 
ventricular rates they may be called paroxysmal tach^ca^d^a«i Dio 
complaints of the jntient and the effects on the circulation are the 
sime as in other forms of imroxysmal tachycardia 

If the patient states that sudden attacks of palpitation are 
atcompamed by irregular cardiac action the diagnosis of aiincuhr 








I'lO 131 Ecginnng and end of an attack of paroxysmal auricular 
fibnlJation 

fibrillation may be presumed from the litstorj Attacks of thus 
1 ind are particularly common in older patients with coronary 
sclerosis However they are also found m young individuals who 
but for the attacks remain for years or decades without symptoms 
or signs of organic heart disease 

Fig IJl shows the sudden beginning and the sudden end of an 
attack of paroxysmal auncuJar fibnllation The attack begins witli 
an auricular extrasystole in the T wave of tlie second normal beat 
(see p 23t>) The Pwases vanisli and the F waves irregular in 
form arc visible m the longer diastoles The appearance of the 
initial deflectioas and even more distinctly the form of the T waves 
is continually altered by tlio summation w ith the F w avea 

hig 1*12 shows three brief attacks of paroxysmal fibnllation and 
flutter lasting only a few seconds Owing to their premature 
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appearance a few auncnlar stimnli are conducted 
to the ventricle m an entirely abnomia! manner 
(aberrant conduction) 

A short portion of a tracing maj bo seen 
m Fig 133 it was recorded diirvig an attack of 
parovjsmal hbnilatton The \entriclc contracts so 
rapidly (approTimateU 180 times a minute) that 
the difference in the length of the indn iduil diastoles 
(the irrhjthmia) is \tr 5 slight Onnig to the 
8bortno«s of the diastoles T wares arc not \isjljle 
The Nimble form of tic icntriciilar complex 
(chiefly of the T wives) hero nl^o proves that thev 
Bummate irregularU with the i wives and tint 
luricnlar fibrillation exists 

If pirox 3 'Bnial fibnilalion is accompanied b^ 
a low ventnculir rate it requires no treatment 
Often It IS not even noted b) the patient 

Parox)smal Auricular and Ventricular 
Tachycardia 

In discussing cxtrosjstolcs it was emphasned 
that at times thc^ arc not isolated but npiiear in 
groups tliat IS thc\ are muUijlo us a rule 
aj pcanng at short intervals after each other (Fig 00) 
If not one orbveorten biitsav '500 or a great ninnv 
more extras^ stoles appear in an uninterrupted sene 
the condition is called paroxysmal tnchjcardia 
VIZ nuncular tachycardia when auricular extra 
systoles and ventneuJar tnchycartlm when ven 
tncular extrasvstoles follow each other 

In other words paroxysmal auricular and ven 
tncular tachycardias consist of nothing more than a 
long chain of cxtrasystoles "W hen one sfieaks 
in general terms of imroxysnial tachveardin usunlh 
reference is made to one of these two forms 

The Electrocardiogram of Parox>smaI Ventricular 
Tachycardia 

The diagnosis of paroxysmal ventricular tachv 
cardia by weans of the electrocardiogram is usually 
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relatively easj One sees a chain of abnormal initial and terminal 
deflections winch are not preceded by P waves 

In Tig ISIa the emus beats entirely normal in form show a 
conduction time prolonged to 0 26 second Then t^ o single extra 
sj'itoles appear Between the QRS complex and the T wave of the 



Fio 133 (Lead II ] Vuncular fibrillation with very fant ventr cular rate 


cxtrasjstoles the blocled Pwave of a sinus beat may be seen 
distinctly At the end of the curve m Fig 134 parovysmal von 
tricular tachycardia appears actually a chain of tentricuhr extra 
sy stoles 18 seen Inlig 134b at a few place-* during the tachtcardia 
the P tvaves can be recognized tv Inch indicate that the auricles 



Fio 13-< Isolated ventr cular oxtrsayelolea an I tl <j beg nn ng of an attack 
of paroxysmal \entr ulaT taehjcartl a Tie ponduct on t me of tl e 
8 nu8 1 eats is prolonged to 0 b aecond 

continue to beat m sinus rhytlni Tlius it is [rrobabJc that tJie 
R wave of the seventh extrosystolc and the isoelectric hnc between 
the ninth and tenth conceal a P wave 

The form of the QRS complex varies in each mdivKhial case 
according to the point of ongm of the tadiy cardia and tlie spread of 
excitation occasioned by it As with isolated ventricular extra 
systoles extrasystoles of ventncular tachycardia os a rule are not 
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conducted back to the auncle, so that in \entncular taclncardia 
actually an aunculo ventncalar block is always jire-sent' The 
auricles contract legularlj m a normal waj under the control of the 
smus node, jet one can find P wa\e3 on!\ rarelj at various places m 
the electrocardiogram, since being small thej are last m the QRS 
compleves and T n-aves of the evtrasTOtoles 

The ventncular rate m paroxjgmal \entncular tachjcardia 
lancs It maj exceed the existing normal rfijibrn onlj a httic 
but there are also minute rates of 250 and more In such cases 
ventricular flutter is ven often said to be present (p. 215) Ven- 
tncuhr tachj cardias are usuallj 
regular It is often asscrtetl that 
Ihcv show UTCgulantica which are 
demonstrable b\ auscultation 
(Strong and Irvine) But more 
recent mvesligattons have failed to 
corroborate tlieso findmgs (Mac* 
Kinnon) Irrcgulantj occurs onh 
in some special tj^pes of ventricular 
tachycardia (Fig 1*17) Figs 114 
and 135 show the great regularity of 
tj^pical cases It has aUo been 
stated that the irregulantj ma\ be 
found on auscultation Tlii« w 
usuallj’ impo'^ible, because the fast 
rate prc% ents marked differences 
in the length of diastole But 
changes in the intravcntncular con 
dnction (Fig 117), and occrnonal 
summation ivith auncular contractions maj change the mtensitj of 
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Fic 135 rBros}‘Riial \ratnculdr 
tBchfcanlia 


the heart «sounds 

Fig 135 shows short sections of a tracing m all leads from a ca«e 
of paroxj‘«mal ventricular tachjcanlia ^gam abnormal \cn 
tncular complexes in verj rapid sequence are seen The minute 
rate amounts to 300 Tlic diagnosis of acotncular tachjcanlia is 
substantiated bj obsenation after the end of the attack, when in 
this case one found an entirel\ normal electrocardiogram which was 
intemipted b\ single xentncular extrasjstolcs , these, as Fig 134 
shows exhihitc<l the same appearance as the cxtrasjstolcs* which 
composed the tachycardia 

Just as in rare cases single extrasj-stolcs ma\ dc\eIop alx)\e the 
bifurcation of the bundle and then spread nocmallj m the ventncle. 
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60 at times in a rentriciilar tachycardia with a Fimilar high ori^ 
of the stimulus, the QRS-complexes may exhibit a normal form. 
The distinction between auriewlax tachycardia and atrioventricular 
tachycardia is then difficult (see p. 171). On the other hand, 
occasionally the presence of ventricular tachycardia may be wrongly 
diagnosed, since the ventricular beats in an auricular tachycardia 
may appear abnormal owing to fatigue of the conduction path and 
aberrant conduction in the ventricle or to the development of an 
auricular tachycardia in a patient witli disturbance of intraven- 
tricular conduction. 

Fig. laca shows auricular bigeminy'. The tracing was obtained 
from n patient with a mitral valvo lesion and myocnnlia! damage 
(myo-pericarditis). Tlie P-waves of the normal beats are widcnwl 



Fia. 136. Auricular bi^eininy (a) and th« end of an attack of paroxysmal 
auricular lachycanlio (b) in a caso of disturbance of intraventricular 
conduction. 


and bifid. An auricular extrasj^tole appears after each normal 
beat. In the lower tracing (Fig. 136b) the spontaneous end of a 
paroxysmal auricular tachycardia is seen. Since the auricular 
extrasystoles then followed each other so rapidly, the P-vraves are no 
longer distinct. If the electrocardiogram had been taken only in the 
attack, one would have been inclined to assume the presence of a 
ventricular tachycardia because of the rapid sequence of the 
abnormal ventricular complexes. 

In discussing ventricular extrasj^toles and bigeminies, the 
important fact was emphasized that variation in form of the extra- 
systoles, and a constant change in their appearance, favours t)jD 
diagnosis of myocardial disease ; often it is not only the myocarditis, 
but digitalis therapy which in a diseased heart brings about this 
kind of extrasystoles. In some cases (through tlie continuation of 





tchjrnrdia ^tlth rhAngmf; in {tart allernatmg rornm of after iljgital 
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digitalis thenpj), tlte«:o e'^tnsj, stoles iiniltiph 
80 that one finds a chain of extras^stoles with 
constantly changing apiieamnce At times 
one also sees an alternation of two forms 
These tachycardias are also called tcnimial 
tachycardias (Gallavardin) since they often 
appear just before death If the tarliyeattlu 
has liecn produced by digitalis tlierajiy, it nnn 
vanish vxith the timely interruption of tlicrnjiy 
and by the administration of qmiiidinc 

In I'lg 1J7 there is a typiril example of 
a ventricular tachytanlia of this kind It 
npjicared in a patient with a severely dtcom 
pcnsatcwl coronary lesion w ho had been Ircafeil 
with Mnall doses of digitalis (J x U D'l gm 
daily ) Initially the v entncular complexes are 
sirnilnr m shape but in contrast to other 
ventricular tacliycardms, they apjicdr at 
irregular vnlerv als After the fifth extrasv stole , 
ventricular complexes of various slinjito. are 
seen and soon the two forms of cxtnvsystolis* 
continually altcninto with each otlier 

Tlic nitcnvation may be ahsolutely regulir 
for hours and days Oceasiomlly there iv also 
an alternation of a longer and a slnictcr 
diastole but frequently the rliytlim is very 
regular If the rhytlnn and form of the 
ventricular contractions change continuouslv, 
the condition is called “ anarchio v entnculaire 
(Clerc and I>e\y) 

The lesion is best cxplaincfl by disturljances 
of intravcntncular conduction (Sclicrf) 


The Electrocardiogram of Paroxysmal 
Auricular Tachycardia 
Paroxysmal auncular tachycanlins also are 
cxnnposcd of a cliain of extrasy stoles Aawilli 
single cxtrasyatoles, the apjiearance of the 
P wave may vary Invcrteil P waves are 
very cximmon hut they niav aUo lx; |H>«itive, 
Bjiht or broadencil Hero al«o there are 
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ticliycardias which are only a little faster than the sinus rhytlim of 
t!ie case concerned and there are tachycardias with very fast rates 
As in flutter disturbances of conduction between tlie auricle and 
ventricle also may appear m fast auncular tachycardias so that 
as a result of fatigue of the conduction system the beats are con 
ducted aberrantly to the ventricle in such cases ^vide abnormal 
QRS complexes appear These tachycardias mav then gne the 
impression that tlioy were vontriciihr m origin As witJi single 



Flo 138fwl PftToxjamal Buriculsr tachycardia and in (d) an auricular 
bifiemmy and the b^ginamg of a nev attack 

extrasystoles one must always try to determine v hetlier or not the 
ventricular beats are preceded by P nates 

The three up 2 ier tracings Fig 138 are the three standard leads 
from a case of paroxy smal auncular tachy cardm Tiie rate amounts 
to only 127 In this case it happens that there are inverted P wa%es 
in all leads w hich are immediately apparent after the T wav es of the 
preceding beat In tlie lower tracing fFig ]38d) one perceives a 
single auricular extrasystole after each of the first two normal beats 
FoUownng tlie third normal contraction a new attack of tachy cardia 
beams The electrocardiogram was obtained from a patient with a 
mitral valve lesion therefore a dextrocardjogram nas obtained 
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In Fig I39a the beginning and m Fig 139b the end of an attack 
of paroxj’sinal auncular tachycardia, are shown A considerable 
section of the tracing has been removed between Fig 139a and b 
Since the rate amounts to approximately 200, the P wa% es are hidden 
m the T wares of the preceding beats Before and after the taclij 



Fro 130&endb ftnd end otfto ailMlc of piroxysmai auneuUt 

tachycardia Before and aftertheattack auricular extraaygtote^ appear 
which are conducted aberrantly to the rentncle 


cirdia there exists an auricular bigeramy mth aberrant conduction 
of the auricular extrasj stoles winch appear i ery pronnture 

In Fig 140 there is a paroxyomal tachycardia uith a rate of 
12S beats per minute The P wares of the estrasrstoles are hidden 
in the T in area of the preceding beats In the first beats a prolonged 
conduction time exists then a transient 2 1 block and dropped 
beats appear Tliese disturbances of conduction between nuncle 
and rentncle appeared m the course of digitabs therapt On the 


\ 


Fig 140 (Lead II) Paroxysmal auricular tachycardia with conduction 
disturbance to the xentncle 

next day the tachrcardia ranished and was replaced by normal 
sinus rhythm 

Fig 141 shows portions of tracings from four different cases of 
paroxysmal tachycardia The first and the second tracings are 
examples of a paroxysmal auricular tacliy cardia , the third and 
fourth cases are auncular flutter with 2 1 block The flutter is 
easily recognized only in the fourth tracing smee one is able to 
detect the beginning of an F wave directly before the ventricular 
complexes Fig 141c however closely resembles the tracings of 
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Fjg 141aandb AslightdeiJreasionoftlieS T sogments m Fig 141c 
jna;> bo the result of the tad ycirdia but miglit also be caused by 
myocardial mjurj , m the latter instance tins depression would also 
have to be present with the normal sinus beats after the cessation of 
the tachycardia 

A very common difficulty m diagnosis is encountered when the 
paro'<>8mal auricular tachycardia exceeds a certaui rate m this 



Fro n an i b si ow fnatanc«sorparoxysmeiI auncular t«c) ycard a 

c and il of auricular Sutler 

case the diastoles are verj short and as m as described m the chapter 
on sinus tachycardias the P waves of the extras^ stoles may be 
hidden in the T waves of the preceding beats Then tracings occur 
hie those of Fig 141n and b they dlustnt© the most common 
picture presented clinically m paroxysmal auricular tachycardia 
If a tachy cardia of this kind is recorded in the three leads then 
one cannot immediately decide from the electrocardiogram w liether 
sinus tachycardia paroxysmal auricular tachycardia or flutter 
IS present One must concede tliat Fig HO (sinus tachycardia 
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produced bj the mhalation of 
ain\l nitnte) Fig IJOb (definitely 
parody smalauncular tachycardia) and 
Fig 141c and d (auricidar flutter vritU 
2 1 block) may resemble each other s5o 
closely as to be confusing Id all 
three ty2>es of tracings y e see slender, 
normally conducted ventricular com 
plexea in ’which a P -wave or a flutter 
nave may but need not be concealed 

In ver% rare cases atnoi entriciilar 
tachvcardia (from the middle of the node) 
or \entncular tncfavcardia (aboie the 
bifurcation of the bundle of His) may 
shon the same picture 

Sinus tachycardia is excluded with 
relative ease This is jmmtdiafelv 
possible when the sudden begmning 
or the abrupt end of an attack is 
recorded or observ ed this never 
happens m sinus tachycardias If the 
patient presents a continuous fulh 
developed tachycardia, a test should 
be made to determine ubether an 
alteration of position of the bod\ or 
sbght exertion (repeated sitting up 
and lying down in bed) causes a 
sbght acceleration of the pulse to 
ajipeir which, as stated earlier, ne\er 
fails in sinus tachycardia In par 
oxystnal auricular tachycardia or m 
auncular flutter, change of position 
of the body or sbght exertion does not 
influence the rate In other words it 
is apparent that the diagnosis cannot 
always be made from the electro 
cardiogram alone , rather a functional 
test IS necessary for this purpo'^e 

If no acceleration appears after 
slight effort, then auncular flutter 
with 2 1 block or paroxysmal aun 
cular tachycardia is present Occa 
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sionallj one nmj j)rocluce a doubling of the cardiac rate through 
increased effort and thus pro^c the presence of flutter uUli cer 
tamtj (p 229) In other cases pres‘«ure on the carotid Binus provides 
evidence for differentiation In sinus tachj 
cardia this pressure is often without effect 
or produces onlj a transient slowing which 
IS maintained onl^ for the duration of 
pressure Paroxj smal auricular tachycardia 
niaj cease during carotid pressure but 
slight and transient slowing does not occur 
(p 265) In auricular flutter the flutter 
waves may become \nsible through the 
disturbance of auriculo \ entncular eon 
dnction since during the exertion of presgnrc 
the \ entncular complexes which concealed 
the r waves maj dii)ap[)ear 

In Fig 142 a regular tachycardia is 
reproduced at first glance one cannot say 
w liether it is an instance of sinus tachycardia 
paroxysmal auricular tachycardia or 
auricular flutter Sinus tachycardia could 
easily be excluded since the rate was 
unchanged after movement Auriculo 
ventricular conduction was depressed b\ 
means of pressure on the left carotid sinus 
Avith the result that distinct flutter waves 
appeared (lower curse) 

But there are cases m which carotid 
pressure nnd exercise do not change the 
tracing then a distinction between aunculai 
tachycardia and flutter cannot be made 
We shall see later that the therapy for 
these two conditions is identical so that 
an inability to distinguish them is not of 
therapeutic importance 

Just as in ventricular tachycardias 
different forms of QRS complexes some 
tunes appear a j ecuhar type of auricular 
tachycardia exists m which the shape of the P waxes varies At tlie 
same time an arrhythmia is also present Tims we see in Fig 145 
constant variation of the diastole and changing form of tlieP waves 
"Moreover, the P R interval clianges continually and certainly in 
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connection with the length of the preceding diastole Sooner or later 
these tach} cardias often are transformed into auncular fibnllation, 
jnst as the corresponding -ventncular tachjcordias {Fig 137) maj 
pass into ventricular fibrillation. 

In Fig 144 short sections from the electrocardiograms of two 
cases w hieh w ere studied only during the tachj cardia are reproduced 
As long as one is without knowledge of the electrocardiogram outside 
of the attack, the diagnosis of the tyjis of taelij cardia present m 
these cases is impossible Auricular flutter or auncular tacbj cardia 
might be present m wluch the ventricular completes are abnormal 



Fio l-llA and b Two cosea of paroTTsmal tachycardia It is impos^iblo 
to detcmiind from the eloctrocardiogrsni ebown what type is pre^nt 


through simultaneous myocardial disease (organic disturbance of 
intraventncular conduction) The m>ocardium raaj be normal and 
the abnormality of the ventricular complexes might be merely the 
result of fatigue of certain branches of the conduction sjstem 
(“ functional disturbance of intraventncular conduction,** aberra 
Uon) On the other hand, veutncular tachycardia may be present 
In some cases one succeeds in recognizing a ventricular tachycardia 
by the venous pulse During Acntncular tachycardia the auneles 
contmue to beat normally m smus rhythm In rate cases one 
recognizes the slow auricular rhythm by a mere inspection of the 
veins of the neck, but frequently the lenous pulse curve must be 
recorded 
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Tig 146 IS reproclucetl from a case of paroxysmal auricular 
taohycaidia or flutter (?) m vhicli entirely abnormal ventncular 
complexes lemporanly appear tlirough fatigue of a part of the 
intraventricular conduction 53 stem (the nunute rate amounts to at 
least *100) tntli tlie result that one might assume a ventricular 



r 10 145 (Lea I H) Paro^^mal auncular tadiycard a (probably auricular 
flutter 'R'lth 2 1 block) and m ti 0 second part of t(io trnc 

disturbance of intra\ ontncular conduction 


tach3cardia was present Tlie spontaneous transition of the normal 
ventricular complexes into abnormal ones may be seen in t)ie record 
Since the irritability of the muscle fibres continually changes 
intra\ entncular conduction m such cases is at times normal at 
tunes abnormal All the time the tach3 cardia due to the abnormal 
stimulus formation m the auricle proceeds entirel3 without dis 
turbanoe 

Treatment of Sinus Tachycardia 

It has been emphasized elsewhere that sinus tachycardia is not 
always a harmless phenomenon As a matter of fact at times it 
attains a very fast rate and for this reason must result m the same 
changes as other tachycardias with similar rates It also offers tlie 
disadvantage that on exertion an additional very unpleasant 
acceleration appears 

No special treatment for sinus tachycardia m 1 nown Digitalis 
and qumidme which are widely employed and have recurrently been 
recommended are rarely useful No slow mg appears ei en after the 
largest doses of digitalis and the patient experiences onlv the 
unpleasant effects of the drug Similarly gumidme treatment as 
a rule is ineffective The sole rational and effective treatment of 
sinus tachy cardia is aetiological therapy, the treatment of the basic 
malady Sinus tachycardia after infections or intoxications vanishes 
when the basic malady disappeara In hyperthyroidism a result 
can be secured by treating tbe thyroid hyperfunction but not from 
treatment of the heart itself Asmus tachycardia m hyperthyroidism 
which IS unaffected by all treatment may return to normal cardiac 
action in a few days after the admnastration of iodine (as pre 
operative therapy) In cardiac neuroses the attention of tlie 
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phjsician is directed to the treatment of the entire indnidual and 
not to the heart alone 

Also in cases of mitral stenosis with congestion hut without 
auricular fibrillation in ^vhlch extreme taclij cardias mai be pro 
cipitated b\ reflexes from the auncles m miocardial injuries and in 
coronarj sclerosis with sinus tachjeardm the slowing effect of digi 
tails on the heart is frequently not obtained Despite continuous 
digitalis therapy the rate does not fall below 100-120 These are 
the cases in which the appearance of auricular fibrillation bnngs 
relief because a slow ventricular action con tlien be obtained by 
means of digitalis 

Treatment of Paroxysmal Flutter and Fibrillation 

The clinical aspects of flutter and fibnlHtion (ns continuous 
states) haie already been discusseil in detail The treatment of 
paroxysmal attacks of short duration mil now recene eonsideration 
If they are frequent and appear almost dail\ quinidine may ho 
gi\en prophylacticalh and on endeavour made to find out the 
smallest effective amount of the drug OnU wlien qtimidinc i“ not 
tolerated la digitalis administered usualK the latter has a less 
cectam effect But if the attacks as usually happens do not occur 
daily but only at longer and ^cry irregular intenals a propliy lactic 
regimen is of dubious \ alue In these circumstances it is nd\ isablo 
to treat the attack when it has actimlU developed A dose of 
0 25 gm (4 grs ) of quinidtnc is given cvciy two hours until the 
attack stops In most cases only 2 5 capsules are nccessirv Here 
also recourse must be liad to digitalis when there is hy pen*ensifiMtv 
to quinidme An intravenous injection ofstrophanthm (0 0002 jgm 
1/250 gr ) may act very well In a mojontx of ea<«s it abolishes the 
attack withm thirty minutes 

The appearance of covttnuoiis JibrtUalion which sooner or later 
replaces the paroxysmal attacks is \ciy welcome to most patients 
since in these circumstances the jwtient no longer has constant 
anxiety about the attacks and success iii dealing with the sen 
tncular tachycardia is achieved with rointnely small doses of 
digitalis 

Clinical Aspects of Paroxysmal Auricular and Ventricular 
Tachycardu 

Paroxy smal auncular and x entncular tachx cardias arc composed 
of auncular and xcntncular extrnsjstoles lor tins reason m 
discussing the chmeal aspects and thcrapx mam jioints should be 
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repeated ^liich have been mentioned earlier in the cliapter on 
extrasystoles 

The tachj cardias vary considerably m their manner of appear 
mice and duration Thcj occur at all ages Often the tachj cardias 
have been comiiared to epilepsj In both states an attack niaj’ 
occur once in a hfe time, but it is also possible for them to recur 
daily Epilepsy as well as tachjcardia may be the result of an 
organic disease, but both states may also be “ idiopathic,” that is, 
they appear without any ascertainable cause 

In the taehj cardias first one should always attempt to deter 
mine whether an auricular or ventricular tachycardia exists The 
auricular tachycardias are much more common than the ventricular , 
they also have a better prognosis If in a case of auricular tachj 
cardia the underlymg pathological condition progresses, auricular 
fibrillation may develop this is not dangerous and represients a 
complication winch is susceptible to treatment But if ventricuhr 
tachycardia is present, the appearance of fatal ventricular fibrillation 
13 po'isible 

In the ventricular tachycardias the ventricles contract alone 
wifcliout preceding auricular action Earlier (p 220) reference was 
made to the importance of the contraction of the auricles, par 
ticularly in tacbyear<bis for rapidly augmenting the ventricular 
filUng during diastole In other words ventricular tachycardias 
are to be regarded less favourably than nuricular taciiycardias of tiie 
same rate 

There are two different types of suncular tachycardias At 
tunes (with a low rate) the auricles may contract so early in chastole, 
that they succeed in forcing some blood mto the ventricles (Fig U8) 
But with increasing rates the P waves merge more and more with 
the T w a\ es, that is, the auricles contract at n time w hen ventricular 
systole IS still mcoraplete If the aunclea contract when the ven- 
tncles are still in sjstohc contraction, the former cannot empty them 
ratdr.tdi' auto viioJxirJfis .Storp- Uhn xinfires nf thereat veins in 
the auncles are not protected by valves but are closed during 
auricular systole merely by an imperfect muscular mechanism, this 
obstruction is easily' overcome , this readily’ leads to a reflui. of 
blood mto the veins The blood which has just returned fiom the 
veins into the heart is again ejected from the auricle back into the 
vems so that the h\ er rapidly enlarges and venous stasis m the neck 
becomes extreme When the auricular systole ‘engrafted’ upon 
the ventricular it is called “supsnmpositiori *' (Wenckebach) It 
IS understandable, therefore, that the prognosis in taehy cardias in 
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repeated ^\blch lia\e been mentioned earlier in the cliapter on 
extrasyatoles 

The tachycardias vary considerably in their manner of appear- 
ance and duration Tlicy occur at all ages Often the tachycardias 
have been compared to epilepsy In both states an attack may 
occur once in a life time, but it is also possible for them to recur 
daily Epilepsy as uell as tachycardia may be the result of an 
organic disease, but both states may also be “ idiopathic," that is, 
they appear without any ascertainable cause 

In the tachycardias first one should always attempt to deter- 
mine whether an auricular or ventricular tachycardia exists The 
auricular tachycardias are mucli more common than the ventricular , 
they also have a better prognosis If m a case of auricular tachy- 
cardia the imderlymg pathological condition progresses, auricular 
fibrillation may develop , this is not dangerous and represents a 
complication uhich w susceptible to treatment But if ventricular 
tachycardia is present the appearance of fatal \ cntncular fibrillation 
IS possible 

In the ventricular tachycardias the ventricles contract alone 
M ithout preceding auricular action Earlier (p 220) reference was 
made to the importance of the contraction of the auricles, par- 
ticularly in tachycardias, for rapidly augmenting the ventricular 
filling dming diastole In other ivoids ventricular tachycardias 
are to bo regarded Jess favourably than auricular tacJiycordios of the 
same rate 

There are two different types of auricular tachycardias At 
times (with a low rate) the auncles may contract so early in diastole, 
that they succeed m forcing some blood into the ventricles {Fig 1 J8) 
But with increasing rates tho P waves merge more and more uith 
the T waves, that is, the auncles contract at a time Mhen ventricular 
systole IS still mcoraplete If the auncles contract alien tho ven- 
tricles are still in sy’stolic contraction, the former cannot empty their 
iinntnrdji anJo fhe yfinixipJes Sincp the onfirns nf the gjs-at ve.icu! xv 
the auricles are not protected by valves but are closed dunng 
auricular sy stole merely by an unperfect muscular meclianism, this 
obstruction is easily overcome , this readily leads to a reflux of 
blood into the veins The blood vihich has just returned from the 
veins into the heart is again ejected from the auricle back into the 
veins so that the hver rapidly enlarges and venous stasis in the neck 
becomes extreme When the auncular systole is “ engrafted " upon 
the ventricular it is called “ supcrimposition ’’ (Wenckebach) It 
IS understandable, therefore, that the prognosis in tachycardias m 
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^vhicb supenniposition occurs is much more unfai curable than 
when it IS absent Fig 130 shous clearly that above n certain rate, 
the diastole becomes so short that this supenniposition must occur 
The rate at winch this takes place is approxunatelj 180, and this 
was called bj Wenckebach the cntical rafe In tachjcardias nitli 
lower rates superiraposition may exist if, for example, conduction is 
jirolonged In auricular tachycardias with a rate of 180 or more, it 
aluays exists 

In a tachycardia at first the type (auncuJar or ventricular tachy- 
cardia) and then the rate must be investigated , m auricular 
tachycardia the presence of auricular superiraposition must bo 
determined , all these features are important 

It 13 also essential to determine the frequency and duration of 
the attacks In one patient they recur at intervals of years, in 
another almost daily in some only dunng or before the menstrual 
period or m pregnancy (as evtrasystoles), or only with marked 
constipation, meteorism, excitement, in others without anv definite 
reason In one mdividual they last for minutes, in another for day’s, 
even for weeks Each case exhibits different behaviour The 
appraisal is easy when the patient comes with a long history and can 
furnish information in respect to all details Under thc<3e circum 
stances by careful inquiry one may gam an idea of the frequency of 
the attacks and their duration m the future The situation is different 
however when the patient comes during or after ike first atlQi'l, In 
this instance the prognosis should be determined only with great 
care Usually one will prefer to defer the decision until a period of 
observation permits sound judgment 

If the patient reports that attacks have existed for years and the 
exammation reveals normal cardiac findings, then one will, as m 
extrasystoles, judge the tachycardia as a liarmless hut annoymg 
* functional ” disturbance But if the patient is seen during or 
shortly after the first attack he roust be observed for a time despite 
the negative outcome of the first examination , the tachy cardia 
may be the first and only sign of an organic myocardial disease 

Thus paroxysmal ventncular tachycardia, earher than anv other 
sign, may indicate coronary sclerosis a chronic ray ocaKhtts, or a 
diphtheritic myocardial lesion Since cases of coronary thrombosis 
have become more common, the ventncular tachycardias are a 
more frequent undesirable complication If one finds ventricular 
tachy cardias with vary mg forms of the v cntricular complexes, tlien, 
as mentioned earlier, an organic disease must always he susjiected 
A digitalis effect must also be considered However, auricular 
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tachycardias with P waves of vaiytng forms are ahvaj^ the result of 
an organic disease and never the effect of digitabs Usually they 
become transformed into fibnUation 

Most patients who suffer from paroxysmal tachycardia percene 
the sudden hghtmng like beginning and the abnijit end of the attacks 
so dj«itinctly that this form can by inquiry be differentiated from 
otl er types of palpitation To bo sure there are also patients who 
give vague reports and despite the existence of a tachycardia do 
not mention palpitation hut only its resultant manifestations 
Premonitory signs w Inch anticipate the beginning of the attack are 
rare 

Angmal pain ls a very common accompaniment of paroxysmal 
tacliycardia In the discussion of the consequences of tachy cardia 
in fibrillation it was stated that a diminution of the minute volume 
to Jess tlian one half and a Jail of blood pressure occur with rapid 
tachycardia Since wath increased rate of contraction the heart 
muscle needs a great deal more oxygen such increase of rate also 
leads to a relative diminution of cardiac blood supply when com 
jnred to cardiac performance This reduction of perfusion provokes 
pam which may show all transitions between slight burning and 
pressure to most severe angina pectons (p 1 ^8) 

Confusion of the anginal pam of coronary thrombosis with the 
anginal pam of iiaroxyamal tachycardia is not rare Severe pain 
maintained for hours m the midst of complete well being and without 
visible cause appears in both states (p 1 39) 

The reduction of the stroke volume and the marked lowering of 
blood pressure appearing at the onset of the attack provide the 
reason for vertigo and states of weakness The attacks of uncon 
sciousness arc considered in the section devoted to Adams Stokes 
attacks (p 300) 

The stasis which rapidly occurs behmd the heart (m the 
\eias of the neck) and the resultant acute engorgement of the hver 
may result in lomthuy many patients complam especially about 
this symjitom and other symptoms may remain in the background 
A peculiar symptom at present scarcely investigated which 
accompanies paroxysmal tachycardia is vnna epasfica The jiatient 
reports voiding large amounts of clear waterv unne This flood of 
urine often comes soon after the beginning at times during the 
attack and rarely after its cessation The presence of this symptom 
supports the diagnosis although it must be conceded that unna 
spastica occurs m other states and m disturbances of the vegetative 
nervous sy stem 
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If the auncle contracts simultaneous!} intli the \entncle as 
must hapi)cn especially m \eDtncular tachycardias superimposed 
waves appear in the neck vems , the} ma} make 
themselves unpleasantl} obvious to the patient as 
throbbing ’ 

Extrasystoles m Paroxysms 
In the forms of parox}smal tachjcardia dis 
cussed up to the present there ma} exist an 
interval of variable duration between the individual 
attacks at tunes this penod of normal cardiac 
rh}dhm or at most isolated extrasystoles mav persist 
for }ear8 But there is a \anet} of paros}*8mal 
£ tach}cardia uhich requires special mention It 
y concerns cases m nbich the mdividua] attacks are 
relatively short and last for onl} a fen seconds 
a or minutes One or two normal beats occur and 
J then another attack of tach}cardia begins This 
•§ piienomenon is constant!} repeated There may be 
I* scarcel} two rarely several normal beats in sequence 
K Mithout extras} stoics appeanng betueen them 
5 One short attack follows another so that these 

1 attacks were designated by Gallavartlm as extra 
h systoUe a jtaroxysmes tachyeaTdtqua 
^ Fig 140 shows these extrasystoles m parox}‘Bms 
^ After two normal beats a senes of four ventncular 

2 extrasystoles follows After tw o more normal beats 
o a longer senes of extras^stoles occurs 

In other cases auricular extrasvstolcs with 
similar characteristics occur 

In these patients the abnormal mechanism gn es 
rise to multiple extra3}stoles so constantl} and 
stubboml} that even the first or second normal 
beat after the end of the tacliycardia precipitates n 
new attack 'E.\en normal imptiise acts as a new 
incentive scarce!} lias its action on the extra 
s} stohe centre declmed when it precipitates the same 
disturbance again It is like a clonus oppeanng 
after every stimnlation of the tnceps muscle 

Patients vnth this vanetj of extras} stoles at 
first make a good impression since the individual attacks last for 
only 1 short tmie and long post-extrasyslolic jmusc* which ore 
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always found after them balance the disturbance But it soon 
becomes evident that these cases must bo viewed le<!s favourably 
than the ordinary tachycardias If with the latter wo succeed m 
removing tlie attacks by measures to be described hter (p 264) we 
may anticipate that freedom from the symptoms will persist until 
the next attack and as a matter of fact this may never occur In 
extrssvstoles in paroxysms whicli are under consideration in this 
chapter the situation is different Here also the administration of 
large doses of qumidme or digitalis is successful since the extra 
systoles \amsh and sinus rhythm returns But if the close of the 
drug administered is reduced even b\ a little the tachycardia recurs 
Since large doses of digitalis or quinidine cannot without danger 
bo given o\ er a long time and since small doses are inadequate soon 
it 13 realized that all therapy is useless for any length of time and 
that it suppresses the abnormal mechanism of the heart only aery 
transiently Jledicmal therapy is therefore ultimately abandoned 
and the future course of the patient vanes There are cases m which 
these tachycardias slowly subside often only after years The 
individual attacks become progressively shorter and proportionately 
more normal beats are inserted between them If tins is not the case 
however the heart is gradually injured by tlie steady acceleration 
which i® maintained for years The dilatation of the heart which 
appears sooner or later leads to relative mitral or tncuspid in 
sufficiency extreme stasis develops and finally death occurs 
The pathologist finds healthy valves and no signs of organic muscle 
alteration 


The Cause of Paroxysmal Tachycardia 
According to the results of aaailable inaestigations the origin of 
paroxysmal tachycardia is attributed in most cases to a ver\ 
frequent formation of stimuli in the specific fibres of a stimulus 
forming centre that is to the same event as gives nsc to 
exfrasysfofes I.l^.cwlse they always begin at a Q\jiSmfe mterva? 
after a normal beat like extrasystoles they are coupled 

Paroxysmal tachycardias have also been ascribed repeatedly to 
a Circus movement and until very recently this explanation lias 
been supported in many modified forms , but for most cases it 
certainly has no validity Before and after the tachycardia 
repeatedly single exfrasystoles are seen which show all the charac 
teristics of those which compose the taclncardia Tracings which 
resemble Tig 186 cannot be explained by circus movement, since 
tlie long pauses between extra^stoles are impossible if they are 
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caused bv a circulating wa\e such a wave must move inces 
santlv In animal experiments it is eas'v to produce ventricular 
tachycardias and to prove that thej originate in a circmnscnbed 
centre For example varmmg of this centre inth a thermode 
accelerates the rate 

The alternating tachjcardias (see Fig 137) were frequently 
explained by an alternating action of tno centres Recent miesti 
gallons favour the existence of the formation of stimuh m one 
centre combined with disturbances of intra>entncular conduction 
(Scherf and Kisch) 

All transitions exist betw^n single extrosj stoles and par 
oxjsroal tachycardia The difference is a matter of quantity and 
not of quality 

The Treatment of Paroxysmal Tachycardia 
The management of cases of paroxvsmal tachycardia mai be 
di\ ided into the treatment of the attack itself and measures for the 
prevention of ne\T attacks 

If the patient is seen in an attack it is well not to have recourse 
to drugs at once but an attempt should be made to end tl e 
paroxysm bi means of one of the following vagal reflexes 

At first carotid premre is tned Fomierh it was called >agus 
pressure smce the notion prevailed that the heart and the tachy 
caniia could bo depressed by pressure directly upon the cervical 
vagus and through direct excitation of the vagus But the expen 
ence of mvestigators lias shown that pressure crushing or teanng 
of the vagal trunk exposed by an operation in the neck was entirely 
devoid of mfluence on the heart (^Vu^te^be^g) Several coses have 
been reported m which light pressure on tlie neck certamly insuffi 
cient to influence the vagus trunk which lies deep behind the vessels 
of the neck depre^ed the heart and it has been shown that pressure 
w as also effective in patients in n horn the vagus had been previously 
sectionetl by operation upon the side receiving the pressure (Scherf) 
Finally Henng proved in 1923 that no direct excitation came under 
consideration m so called vagus pressure but rather a reflex which 
emerged from the site of bifurcation of the carotid arteiy 

Below the division of the common carotid into the external and 
mtemal carotid artenes there is a distinct expansion of tl e vessel 
the carotid smus At this place the sinus nerve arises it unites 
with the glossopharyngeal and runs centrallv with it to the vagus 
centre The two vagi represent the centnfugal path Mechanical 
stimuli and pressure on the carotid smus lead to depression of the 
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Ijeart and in a majonty of instances 
cause attacks of paroxysmal tachy- 
cardia to vanish The pressure 
IS applied in such a manner 
that it IS exerted at the upper 
border of the thyroid cartilage 
upon the carotid artery (autenor 
to tlie jVI sternocleidomastoideus), 
ivhicJi 13 pressed toward the 
vertebra Since immediate cardiac 
standstill may follow pressure, it 
IS applieil only with the patient in 
the recumbent position More 
over it IS advisable to check the 
cardiac rate at the same time 
The degree of pressure must be 
adapted to the individual case 
In some patients very light contact 
with the skm suffices, in others 
(luite strong prcssiue is necessary' 
If the first endeavour fails, one 
may with ad\antago press some 
wlmt higher or lower, because the 
exact site of bifurcation must be 
compressed pressure at any other 
place being ineffective Oinng 
to anatomical variations, the site 
of bifurcation of the carotid 
artery is higher or lower in 
different people 

In Fig 147a there is at first 
a regular sinus rhythm with a 
conduction time lengtiiened to 
0 28 second The T wai e of the 
seventh normal beat contains an 
auricular cxtrasystole which 
initiates a paroxysmal auricular 
tachycardia Fig 347b shows 
how the tachycardia is abolished 
by carotid pressure (nght-sided) 
As long as merely light pressure 
was exerted the tachycardia con 



Fio 147a and b shows the beginning of a pafoxj-BmnlouncMlartachyfanlta In (b) the end of an attack (by carotid pressure) 
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tmued b vit it stopped as soon as the pressure as increased Suice the 
pressure on the carotid smus was continued for some time the heart 
ceased to beat for a moment after the cessation of the tachjcardn 
Two aunculo ventneular beats (without P waves seep 310) appear 
and finallj normal smus rhjthmtehimed After the long pause the 
conduction time is shortened owing to better reco\er 3 of the con 
duction system The ce^isation of carotid pressure is indicated on 
the white hne abo^e the electrocardiogram (stimulus signal) 

Pressure is usuallj effective on the right side But there ate 
cases m w hich it also succeeds or succeeds onli/ upon the left <5ide 
[f the rules given are observed carotid pressure is devoid of dinger 
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It is obvious that pressure roust not be everted upon both sides 
simultaneously 

Alanj patients soon learn to evert the pressure themselves and 
can unmediately abolish the attacks without medical a'^sistance 
If carotid pressure is ineffective a tnal is made with another 
vagal reflev Tliere are patients who can ibolish an attack bv deep 
inspiration or bj holding the breath others succeed through the 
talsaha evpenment (the patient is advised to pre«s down as in 
(ieCncatinn.^ Biilbir pressure is vecj effective cspeciallv in voung 
people The patient looks downward closes the eves and then 
pressure is everted with increasing force on both ejehalls 

In Fig 148 there evists a imrovvsroal auncular tachvcardia 
wluch could be confused verv easilj with auricular flutter with full 
conduction Each attack was ended by deep inspiration (inspiration 
IS shown in the respiratoiy curve with the excursion upward) 
Finally there are patients who can immediately end a paroxysm 
by inserting a finger into the throat in ortkr to produce vomiting 
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Often thej learn this without instruction In the course of their 
attacks acute hepatic stasis maj occur which produces a sense 
of nausea and vomiting The patients note once or twice that the 
attack ends witli the initial retching Subsequently they no longer 
wait until the vomiting comes spontaneously, but attempt to produce 
it immediately by insertmg the finger into the throat, thus causing 
an emetic reflev 

Repeatedly one encounters some patients m whom one reflet, 
and other patients in whom a different reflet is more effective m a 
few mmutes aU are tested Only when thej fail is medtcinal therapy 
necessary Here qumidine should be mentioned m the first place , 
it can be injected during the attack or maj be given hy mouth 

An injection of qumidme may have an almost magical effect 
(Hecht and Zweig Singer and Winterberg) The result appears so 
rapidlj that at times tlie attack ceases before the injection is com 
pleted Nevertheless great caution is necessary smee most profound 
collapse maj he observed after the intravenous injection of qmmdine 

Physicians wlio dwell in malanal regions and who inject large 
amounts of qumino are aware that now and tlicn a death occurs after 
many injections were well tolerated If for example 0 2 gm 
(1 grs ) of qumme or qumidme is given to a healthy dog onlj verj 
slight effects are seen But the same amount in another animal, 
with the experiment continued for a longer time with loss of blood 
or a damaged heart, maj result m diastohc cardiac standstill If a 
patient seeks relief m an attack and the status of his heart outside of 
the parovysra is imknowTi, an injurious effect of the injection is 
quite possible Since in an attack one simply hears a pendulum 
rhythm of the sounds which rapidly follow one inotlier and one 
cannot hear murmurs or other abnormal phenomena of ausculta 
tion a profound alteration of the myocardium or a marked valvular 
lesion may thus not be recognized Owmg to the small stroke 
volume and the low blood pressure dunng the attack the second 
sound IS often inaudible 

We should also realize that myocardial injury may occur dtirnig 
the attack and may be cau«4ed by it m otherwise healthy people 
(p 138) If for some other reason qwnme is injected it is adv isahle 
to remember these possibilities The initial injection should not 
exceed 0 2 gm (3 ) , this amount may be increased the next 

time to 0 *5 gm (7i grs ) at most These larger amounts are admims 
tered only when the small dose was well tolerated Quinine must 
be injected slowly 

In recent years well tolerated quuiino preparations for intra 
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muscular mjection ha^e made intravenous injections superfluous 
One can inject 0 5 gm at a time intramuscularly w ithout danger 
and if it IS necessary may repeat this amount once or twice on the 
same daj To be sure such an immediate action cannot be expected 
as after an intravenous injection In most cases success is attained 
^vithout recourse to injections » qumidme sulphate in amounts of 
0 25 gm maj be administered oraU> and this dose repeated everj t« o 
hours untU the attack is abolished , usually this occurs very soon 
However if the patient does not tolerate qumidme by no means 
a rare e\ent m the presence of hypersensitivity, then digitaks and 
strophanthm are better alternatives The employment of these 
drugs in some cases affords such great advantages that thei may 
be used instead of qumidme even when it is not contra indicated 
Ifa rapid action IS urgently necessary it is advisable to administer 
an intravenous injection of | mg (1/250 gr ) of ouabam The 
result IS obtained w ilh unusual rapidity , at the latest in half an hour 
If the patient has not been previously treated with digitalis an 
mjunous action need not be feared Even when the mjection does 
not abolish the attack it mav impair conduction and lead to 
penodic dropped beats or to a 2 1 block that is to a useful and 
considerable alowmg of the rate of the ventricles 

Carotid pressure which has previously been meffectne applied 
shortly after an injection of strophanthm may end a parox^'sm 
This effect is comprehensible smee the investigations of Hering and 
F Kisch have shown that the carotid smus is sensitized bi digitalis 
In less urgent ca^^es the oral administration of digitalis is recom 
mended In thus mstance, to be sure, larger doses than are ordinarily 
employ ed in digitalis therapy are necessary as a rule It is advan 
tngeous to administer rapidly acting preparations (pure glucosides) 
m amounts which correspond to 0 4-0 6 gm (6-9 grs ) a day of 
the assayed pulverized digitalis leaves If in the course of therapy 
of an auricular tachycardia a partial block between the auricle 
and ventricle develops often a marked reduction of the do«c of 
digitalis succeeds in maintaining it Ven often paroxysmal tachy 
cardn vanishes completely dunog digitalis therapy In cases of 
exlrasysfolie o ’parixnjamts (achycardi-juts it is especially effcctwe 
and ns a rule superior to qumidme therapy 

On the contrary qumidme »s preferable to digitalis when a patient 
suffers from the paroxysms at regular intervals, because m this 
instance the attacks may be pre\entcd by prophylactic treatment 
One proceeds exactly as m extrasyatoles and endeavours to find the 
smallest amount sufficient to prevent the appearance of tachvcardia 
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Tlie combination of digitalis witli phj sostiginme lias often been 
recommended in order to reinforce that component of digitalis 
action which affects the vagus In this case phj sostigmme is 
administered orallj in doses of 0 *>-1 5 mg (l/12b-l/40 gr ) dailj , 
this dose should not be exceeded, because of unpleasant untou ard 
effects We are unable to perceive an;j definite advantages by its use 

Apart from qumidine digitalis and strophanthm a large number 
of other remedies have been recommended for the treatment of 
paroxysmal tacliycardia It must be conceded that manj other 
substances which act uimn the myocardial cells can also arrest 
tachycardia This is true of atropine but in large doses it produces 
unpleasant effects Acetyl ^ metliylcholme may also be tried 
which 13 effective also after hypodermic mjcction unfortunatelj 
it has occasionally unpleasant untoward effects Even apomorphine 
has been recommended to stimulate the vomiting centre and m 
this way the vagus But those who have once observed the uu 
pleasant mode of action of apomorphine w ill no longer utilize this 
agent ipecac in emetic doses is more worthy of recommendation 
(Weiss and Sprague) Vomiting is easily induced by sticking the 
finger into the throat it is a simpler procedure and equally 
effects e The recommendation to treat tachycardias by adrenalin 
IS incomprehensible perhajis it occasionally abolishes the tnehv 
cardia but more often it may precipitate fatal ventricular fibnl 
lation 

Sfagnesium sulphate is effective in auricular tachycardia and m 
this condition not dangerous (Zwilhngcr) Ten to twenty cubic 
centimetres of a 15 per cent solution are slowly injected This 
agent is still in the trial period and additional extensive experienco 
must be awaited Jlagncsium sulphate is recommended particularly 
for tachycardias and extrasyatoJes following excessii e digitalization 
As a matter of fact it does not act m every case and its effect is 
usually transient It has proven beneficial to us fn paroxysmal 
auricular tachycardia Whether or not ventricular tachycardias 
will respond favourably to the remedy is still uneertam 
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DISTURBANCES OF STIMULUS CONDUCTION 

Introduction . Escaped Beats 

The capacit} for conducting stimuli is a fundamental properU 
which tienj myocardial fibre possesses regardless of whether it 
belongs to the common muscle or tho specific tissue Ever^ stimulus 
originating in or apphed to a place in the cardiac muscle spreads 
o\ er the heart it is conducted as soon as it is abo\ e threshold 
According to the prei ailing conception, conduction in the heart 
is myogeiitc In the excitation of a muscle fibre, electrical dc 
polarization appears on the limiting membranes The process of 
depolarization on one fibre acts as a stimulus for a neighbouring 
fibre etc In other words tho excitation is transferred from one 
fibre to nnotJier Since xpith the excitation of a healthj muscle 
fibre a contraction is necessanly associated a contraction wave 
passes over the heart with the wave of excitation Actually with 
an appropriate experimental arrangement it was possible to demon 
strate in the ox s heart that after the auricular and before tho 
ventricular contraction a contraction of the bundle of His and its 
branches takes place (Isliihara and Nomura) 

In normal hearts the onginal stimulus ls formed in the biiius 
node from whence it spreads over both auricles through groups of 
muscle fibres that radiate m all directions llj means of the 
A-V sjstem the stimulus readies the ventncles Since e\erj area 
of the mjocardium is capable of conduction a disturbance of this 
event niaj occur anj'wherc Tho results of this disturbance of con 
duction Aarj according to the site and size of tho pathological focus 
Naturallj such a focus in the wall of the auricles will have much less 
significance than an equally large focus in the A-^ system 

As a matter of fact disturbances of conduction are remnrkabh 
rare when one recalls how commonly myocardial dLscsses occur and 
how frequently one finds dLsturbances of stimulus formation (fibril 
lation extrasj stoles) There are 6e\ oral reasons for this ranty A 
knowledge of the anatomy of the specific tissue assists in making 
this comprehensible 

It was stressed earlier (p 8) that the emus node is connected 
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with the auricle bj so man> fibies that even when many of the 
junctional fibres become affected, a sufficient number remain intact 
or functionallj efficient, so that the normal sequence of the heart 
beat IS not disturbed Por tins reason sino auricular disturbances 
of conduction are rare 

As stated earlier (p 12), the A-V system for the greater part 
of its course is separated from tlie common muscle , moreover it 
possesses a special blood supply which comes from the right and 
left coronary arteries For tins reason it has its own pathologj 
Very often the ventncle is found thickly studded with scars or the 
cardiac muscle severely degenerated (pernicious ana?mia) while 
the A-V sjstem is entirely normal On the other hand, severe 
alterations are at times found exclusively m the specific system, 
in otherwise normal hearts if for example, only the arteries of the 
specific tissues are affected 

Moreover, anatomical investigations show that the right and 
left main trunks of tlie A-V system are built m an entirely different 
manner, so that a small pathological focus winch renders the right 
bundle branch completely incapable of conduction, scarcely injures 
the left Furthermore, the blood supply of the two bundle branches 
IS entirely different The fact that the conduction sy stem possesses 
excellent vascularization and that branches from the right and left 
coronary artenes anastomose with each other at many places, is 
undoubtedly the reason why disturbances of conduction appear so 
seldom in spite of the great prevalence of myocardial diseases (u Inch 
are mostly ascribed to a vascular disorder) 

Besides these anatomical factors the physiological properties 
of the heart muscle aKo play a part, and they togethei are responsible 
for tlie rare appearance of disturbances of conduction and, if they 
have occurred, for the lack of harmful results , os a matter of fact 
often their presence is not even noted 

For a long time the opinion was advanced that conduction 
}}} kbe Jiesrt as njiAMiirbed jwjiJ pn?ceeds wvfA* ZAsvmeJ rehaiy 
only when a sufficiently wide path is available Narrowing of 
the diameter of the pathway m an area in the A-V system was 
supposed to lead to disturbances of conduction (Gaskell) Recent 
investigations performed w ith more modern methods, how ever, have 
showTi that the width of the path does not determine the velocity 
of conduction and that as long as one fibre is intact m a cross 
section, the conduction remains entirely normal 

Only when this last fibre is also affected does a disturbance of 
conduction appear Conduction m the myocardium is called 
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“nuxomenc’ , tlas means tliit tlie slimulus can be transrajttwl 
from one fibre to anj ojrtional number (% Krici) 

As a result mewt profound lesions of the bundle of Hw need not 
produce disturbances of conduction as long as a single fibre in the 
cross section is intact 

At times complete heart block appears overnight Xe^erthekss, 
histological examination tuidcriaken shortly after shows the 
presence of \crj old and ad\anced lesions Conduction was normal 
as long as one fibre of the cross section remained intact , ns soon as 
tlas became mtolved conduction was mtemipted 

But even when a complete interruption of the bundle of His 
pre\ents the stimuliLs from reaching the \entricle, the latter does 
not stand still because the autoniatisni of the tleeiwr centre's 
immediateh becomes acti\ c E% erx specific fibre tan form rlirthmic 
stimuli as dtscusseei earlier (p 1C7) stimuli normally are formed 
onh in the head of the sinus node and all tlie other s]>ccific fibres 
remain inactue If for some reason an mtciruption of conduction 
occurs a centre situated below tl»c site of the block nnmediatoK 
becomes active and assumes control ns tlie mast mpidU acting 
nrca of stimulus forinntion This automatism acting as a protective 
mechanism prevents standstill and thus prevents the patient from 
perceiving an^ unplci«ant sensations despite heart block On!) 
rarely docs automatism fail (p 301} 

In Fig 140 a marked respiratorv arrlivtlimia mav be seen The 
tracing was recorded m a child During expiration the nttiviti, oftht 
flinu-s node was so slow that a stimulus from the A-V node became 
eflectivelp 111) During tbeslow rbvtiinj lients occur wliieb are not 
preceded bv P-wnves Tbc'-c contractions which sirve to rescue the 
patient vilien stimuli from the higher centres fail to njij)ear, are called 
€icaped Ixata Thc«e e«ca{»cd bents ore not pathological but rather 
show that the automatism of the deejvor centres is well dcMlojxMl 
In Fig KiO, after everx two normal beats an auricular extra 
Hvstole npjwam (it is rccognizcil bx the negative 1' wave coinciding 
vnth tilt Twave), it i*- not conducted to the xciitncle, but h 
b'loe'kcA In \Vit fiMowmg jiost tfx^Taxx paxi'ic ten ViwA 

emtiges from the A-^ no<lc, to be sure, some bundrotlths of a 
second later the iKVit-eictms^stohc normal lient would have arrived , 
its P wave mav be seen in the tracing l*tween the QIIS complex 
and the 1 wave of the escaped beat 

Also dunng pressure on the carotid sinas, through which sums 
node octivitv is depressed the deeper centres Iving in the A-V node 
mav become active and prevent cardiac standstill 
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Tig 151 shous the effect of carotid pressure on the heart The 
electrocardiogram (Lead III) was obtained from a Jiealth^ person 



The white perpendicular line indicates the beginning of carotid 
pressure The activity of the sinus node is immediatelj inhibited 
and deeper automatic centres assume control in place of sinus 
stimuli thus preventing a prolonged ventricular standstill 
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bonie ^orv imiwtmt forms of dMturb'im'C of tonduction liaxe 
already boon considered In tho mitml clmpters tlic disturbances 
of intm\entricular conduction were dcscnbetl timt is disturb\nees 
of conduction below tlie sitcofdnision of the bundle of IIis (bundle 
branch block arborization block wide initial dcllcciKins and 
abnormal T waves) As a rule these arc not chamctorize<l b\ a 
disturbance of aunculo \entncular beat sequence since e\en a com 
plete interruption of conduction in the specific tissue of one \entncle 
leaves the connection to the other ojxm Onl^ in ilLscase of both 
trunks LS the path from the auricle blocked Howcicr thus is ran. 

The Various Forms of Disturbance of Atriosentrlcular Conduction 
\\hen a dtsturhance of conduction is mentioned one ginernlK 
understands in clinical parlance a distiirbanct. of conduction in tin 
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bundle of Ills above the bifiircntion or in the A-\ nwle, tins 
constitutes a disturbance of ntno\entncuhr conduction wIkw? 
^arlous forms will be considcrcil in the following discussion 

Let us assume a pathological focus develojw in tlie A-V m 
forexnmjile in the course of rheumatic m^ocanlitis \\ ith increasing 
damage to the conduction imth (be jwssage of stimuli hccomes 
mcreasmgl> difficult and the mildest fomi of disturbed conducti m 
gradually is tmnsfonnwl into more Rctcro disturbances 

There exists an incomplete (partial) block ns long as some stimuli 
still reach the \entnclc from the atinclo , the block is complete 
when aunculo scntncular conduction is entirely iiitermpfcd 

To facilitate comprehension the ctents m nunrulo vcntnciilar 
conduction are pre«ente<l b% means of two drawings In I ig 152 
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the A-V system is indicated the other drawing (Fig 153) repi esents 
a chain of fibres of the A-V system Let us assume that the patho 
logical focus hes between the two lionzontal lines of Fig 162 and 
the perpendiculars of Tig 153 Abore and below, to the right and 
left of these limits, the conduction system is normal 

Smce a disturbance of conduction appears only if the disease 
impairs erer^ fibre of the cross section a drawing of the tyiie of 
Fig 153 is a permissible indeed according to the lau of auxomerit 
conduction is the only possible way to explain abnormal conduction 
e\ ents 

As soon ns the affection begins in the tissues demarcated by the 
lines tlie last healthj muscle fibre 1 m Fig 163 will e\cito the first 
altered fibre 2 m a normal manner , the pathological fibre however 





Fia 154a an I b (Lead II) Two exanipies of a marked prolon>itttion of con 
duction t mo In tl otrocing (b) the P wave la conccaleii m the pre etiu g 
r \nive 

responds to the stimulus slowlj and hi ewise tlio stimulus response 
in general will be prolonged m the remammg diseased tissue But 
ns soon ns the stimulus agam reaches hcnitiij tissue (fibre 7) con 
duction will again proceed as rapidly as normal Owing to the 
retardation in the diseased tissue the veutncle will be excited later 
than normal and the aunculo ventricular conduction time the 
F-Q or P-R interval is prolonged This prolongation of conduction 
time 13 the first and simplest grade of disturbed conduction This 
retsrdstiOR of condaotioii dehyoti pixodiietion) ixiaj- 

bo only trifling so tint conduction may require 0 22-0 2i second , 
but conduction times of 0 4-0 6 second and more are knowm But 
since ciery auricular stimulus even if slowly readies the ventricle 
there is no disturbance of rate or rhythm 

Examples of prolongation ot conduction time arc seen in Figs 
1 14 and 147 

In Fig 164a the conduction time is prolonged to 0 55 second, so 
that a P wave appears soon after the T wave If the conduction 
time is lonper or the rate faster as in Fig 154b (P-R = 0 54 second), 
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the Pwave is concealed in tho Tweve (rarely e^cn m the imljal 
deflection of the precedme beat) 

If the pathological process progresses m the A V stem and (ho 
specific fibres themselacs are more severelj injured it nia> haiipcn 
that the first affected fibre (fibre 2 in the drawing) on occasions does 
not respond to the stimulus and for this reason n stimulus is blocked 
on its waa to the ventricle accordingly a \entricular beat i* 
dropped and the P w ave IS blocked Owing to the fact that the 
specific tissue did not conduct on one occasion it may recoicr to 
such an extent that the stimnlus following the blocked P waic is 
conducted much better m fact often norraatlj But owing to 
fatigue of the junctional fibres conduction time soon increases and 
after some tune a blocl recurs Tins, form of periodic dropj ed I e it is 
called a Wenckebach period since Wenckebach (ISJ'I) discoxeretl it 
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Fic Ucnckcliad ptnod 

m an ingenious way by nicaas of an nnahsis of the radial pul..e 
alone A Wenckebach penod is characterized by the following 
facts despite rhiibniic auricular actiiiU jienodically avonlricular 
beat IS drojiped the conduction time before the dcojijied bta* being 
prolonged and after the dropped beat I emg shortened (owing to 
recoien) Such a period max be long and man\ beats may reach 
the ventricle before one is blocked I ut it max also I e ko short 
that Cl cry sixth fifth or thini I>eat ma\ bo bloc) ed The length tf 
a pcnoil may also lari eontiniialli in the same case The increase 
of condiw-tion time max dciclop gradually or swUlonli the con 
duction time may bo greatly |rolonge<l or may show only slight 
prolongation AH possible variations occur 

Inbig K a W enckel arh peno 1 13 reproduccil it api>care<l in 
ft case of rheumatic iniocanlitis without digitalis tl crapi TJie 
periods are short and at limes cierj thml beat is dropjKsI The 
auricles contract rcgularh 
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In Tig no a longer period may be seen where every fifth to 
ninth bent is bloclvctl T)ie conduction time increases slou ly TIio 



P waves are splintered (disturbance of intrn auricular conduction, 
p 205) The tracing was obtametl from a patient uith a mitral laire 
lesion who had been treated uith massive doses of digitalis 
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In Fjg 157 there is a paroxj’snwil auricular tachjcnnlia with a 
disturbance of conduction from nnncle to ventricle. In tach^ cnrdias. 
just a-? in auncular flutter, these disturbances of conduction arc 
common The auricular rate amounts to 187. At the beginning of 
the tracing there is a 2 1 block ; then one beat is quickly, the next 
slowly and aberrantly conducted to the ventricle (a branch of the 
conduction system below the bifurcation of the bundle was not 
functioning) , only the third stimulus is blocked Thereafter a 
2 • 1 block occurs, and then another sliort period This disturbance 



dit«tron 



Ffo 13daandb(Lc»c]II) InFur.ISSfttliereHaS 1 block \rhich {« trooii 
farmed lato a S I block (tn b) after tha inbalation of amyl nttnlc. 

of conduction immediately x anished when the tachycardia reverted 
to sinus rhythm 

In the shortest possible period every third boat is dropped 
The conduction of the second stimulus is prolonged m conipan“an 
to the first, and the third beat is blocked. If the disturbance 
increases then tlie hwixlle becomes so fatiguetl oven after the pasMvgc 
of one stimulus that the next one is not conducted ; a 2 : 1 block 
ensues and every second stimulus remains blocked. In a 2:1 
block the fitimtdus may be conducted with nonnal or dclaywl 
iclocity. ^Ylth further impainnent of conduction, only c\cry 
third or fourth stimulus is conducted (3 ; 1 , 4 : 1 block, etc ). 

Fig. 158 shows a 2 : 1 block. Morcoier, there is a marked intra- 
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%entrictilar disturbance of conduction witli mden 
ing and slurring of the initial deflections 

In Fig 159a a 2 1 block also exists At first 
glance it looks like a normal electrocardiogram 
It IS suspicious however, in that the form of the 
T w aves resembles that of the V waves and 
tliat the P-T intervals are the same as the T-P 
mtervals Since this may hnp|ieii normally it 
cannot be employed as proof of a 2 1 block In 
order to establish the diagnosis, another tracing 
must be recorded after exercise or after inhalation 
of am3 1 mtnte 

Fig HObshowsthatauncularactivitj mcrea'sed 
a little after the inhalation of amjl nitrite thereby 
the demands upon the conduction system were 
increased which thus became more easily fatigued 
so that a 3 1 block appeared If normal sinus 
rhythm had been present onl> asimjile acceleration 
of rate would have occurred after amjl mtnte 
A 2 I block also w present in Fig ICO On 
first inspection one gains the impression of blocked 
auricular extras} stoles The P-P interaal which 
includes a ventncular beat is opproximatcly 0 72 
second long while those which appear subse 
quently are about 0 88 second The blocked 
P waie comes soon after the T %vn\e and is pro 
mature But the same disturbances of auncuhr 
rh^'thm are occasionally found m 2 1 block or 
with complete block, since the interval between 
two auricular waves which includes a ventricular 
8} stoic IS often shorter than one which does not 
Ifo satisfactory explanation for this plienomenon 
has jet been put forward (Kauf) A vogni reflex 
seems to exist since the sjstolic increase of blood 
pressure brought about by the aortic and carotid 
nerves leads to an increased vagal tone which 
becomes manifest onlj dunng the following cjcle 
Fig 161 shows a regular 4 I block m Lead III 
Much higher grades of block are also possible 



forexample there maj be 10 1 blockmwhtchonlyoncof ten stimuli 


IS conducted from the auncle to the ventricle after winch the bundle 


recovers so slowU that the following nine beats are blocked In 
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Iiigligr-ido block the \entncles natural^ do not remain inacti\o 
until the fifth or tenth stimulus is conducted In marked heart 
block rarel> m3 1 but usualli m t 1 the dccj>er centres become 
active during the longer ventricular cycles A centre Iving below 
the area of block develops its ovrn automatism and maj since it is 
no longer depre'csed bv more frcqucntlv conducted stimuli assume 
control of the ventricle 

In Tig 102 a 7 1 and then 2 1 block is seen Fvtrv seventh 
and later everj second auricular stimulus reaches the ventricle 
vrith a conduction time prolonged to 0^0 second The flcpre^«ed 
S T interval and the inverted Twave of the eomluctcd beats {m 
I^ead II) indicate myocardial damage In the long pauses created 
bv the block a more deeply situated automatu centre licgjns to 
function Since the stimuli foniicd by this nbnonnallv situated 
centre spread abnormally within the ventricle the related ventricular 
complexes appear altered 

If the conduction to the v cntncle faiU cntirelv , the nunclcs beat 
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as under normal conditions m sinus rhythm but the ventncles 
contract w ith complete independence under the control of their ow n 
automatic centre In this instance there is o complete block or a 
lolal dtssoctfjfi07i of the luv rlythtns 

In an electrocardiogram complete block H rccogmred by the 
regular auricular and ree,ular ventricular nctivitv but continual 
variation of the P-R interval As will be sliowm later the rale of the 
ventncle may varv 

In Fig in the auncics and ventncles contract with jicrfcct 
rcgnlnnty The aunculo ventricular (P-K) mtennls varv ton 
tinually so that it must be assumed that the ventricles are working 
indcjvcndcntls of the auncics and with their own rhvtlun In other 
words a complete aunculo vcntnciilar block is present The 
vcntncular rate amounts to approximately '5 » per minute 

Ini ig If 4 a regularly contracting auricle and n regular ventricular 
contraction with varv mg aunculo ventricular intervals mnv also Ik* 
seen Tlie ventricles contract verv slowlv tbeir rate being l&'i>er 
minute 
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104 Contplcla atinculo \antricu)ar block 
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Tlje abnormal appearance of the ^cnt^lcula^ complexes in some 
ca'?es of heart block does not indicate mjocardial injm It is due 
to the fact that ownng to the heart block deep centres assume control 
over the ventricles and in new of their abnormal location the 
excitation spreads abnormally withm the xentncles Onh when the 
automatic stimuli originate aboxu the bifurcation of the bundle are 
the QRS complexes normal 

Another form of auncolo ventricular block inll be considered 
later (p 290) 

Clinical Aspects of Disturbances of Alnoventricular Conduction 
The Ttiologj of aunculo ventricular conduction disturbances 
ma\ vary considerably It is convenient to differentiate between 
three groups — 

1 There are disturbances of conduction in a perfectly healthy 
heart They are called — not \ery aptly — functional disturbances 
of conduction and are found m conjunction with various disturb 
ances of rhythm and are essentially dependent upon two factors 
They appear (a) when demands are made upon the conduction 
path very early in diastole this for example occurs not rarely in 
extrasystoles Reference has previously been made to the fact that 
auncular eitrasy stoles may be blocked or may be conducted aber 
rantly if they are very premature These disturbances of conduction 
are not an indication of disease they occur m perfectly healthy 
hearts since the healthy heart and healthy conduction tissues ha\e a 
refractorv period and for this reason require a certain amount of 
time for recovery If the atnoventricular conduction system is 
stimulated prematurely it either conducts poorly or not at all 
Conduction disturbances also appear {b) when too many stimuli 
per minute are presented for conduction 

Tho functional capacitv of a conduction pathway pennits 
response to demands only up to a certain limit It can be siiown 
experimentally that when a demand is made upon the bundle of His 
to conduct only 100 beats per mmute the conduction time increa«cs 
a little (Lewis and lilaster) Hot if higher rates occur as in a tachv 
cardia orifaunculardutterwithanauncularrateof JOO orauncuhr 
fibnllation with GOO per mmute develops the conduction path 
between the auncleand ventricle is fatigued by overwork J^aturalh 
it IS very advantageous for the patient when the ventricle does not 
respond with a high rate If in auncular fibrillation all the auricular 
stimub reached the v entncle death would follow immediately In 
auncular fibrillation an incomplete aunculo ventricular block 
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altta33 exists, as soon as Uio fibrillation or taclijoardia ceases 
aunculo Tcntncular conduction again becomes normal These 
functional disturbances in extrasj'stolcs tachycardias flutter and 
fibrillation of the auricles are described in then respective sections 
(pp 221 and 229) 

In other words it is evident that a definite period of recoveij 
IS necessary for normal conduction The more profoundly con 
duction IS impaired, the longer this recovery tmie must be For this 
reason it is comprehensible that disturbances of conduction appear 
much later in bradycardias than in tachycardias In a combmation 
of an auricular tachycardia and injury to the A-V system disturb 
ances of conduction appear very regularly and early Disturbances 
of conduction may vaiush when the heart rate slows 

Besides these disturbances of conduction m which the pathway 
13 norm il there exist two other groups m ivhich the conduction path 
13 actually damaged 

2 There are disturbances of conduction from the effect of 
poisons on tlie A-V system As an example digitalis deserves 
particular emphasis Other poisons scarcely jjome under con 
aideration m the dime For a long time it was beheved that 
salicylates could produce disturbances of conduction but more 
recent investigations have shown that even when salicylates are 
given in large amounts they do not influence conduction m the heart 
(Master) 

Digitalis impairs conduction m two ways It acts upon the 
muscle itself reducing the irritability of the fibres and prolongmg 
their refractory phase Moreover, it depresses conduction through 
an increase of vagal tone (p 223) All degrees of incomiilete and 
complete block can doelop from the effect of digitalis 

The status of the heart muscle is of importance m regard to the 
appearance of digitalis extrasystoles , this is equally true of drsturb 
ances of conduction While very large amounts of digitalis are 
necessary fo induce disturbances of conduction dunng heafth m a 
cardiac jiatient at tunes they occur even after small doses There 
are patients who show a disturbance of conduction even aftei three 
powders of 0 1 gm of digitalis 

If digitalis therapy is continued in spite of the appearance of a 
disturbance of conduction there are two possibilities Either the 
disturbances increase and a higher degree of block appears or the 
disturbance vanislies and gives way to normal rhythm Since the 
status of the heart muscle play s an essential role in the occurrence of 
digitahs conduction disturbances, it is possible that the impro^ ement 
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accompanjing a progrcbsue (ligitali7ation Temo\cs tlie sensitnit^ of 
the conduction tissue to digitalis and even tJie existing conduction 
disturbance raaj vantsh In other vrords a behaviour similar to that 
already discussed in digitalis extrasystoles is also encountered in 
this connection 

If disturbances of conduction apjiear during digitalis tlierap^ 
thej do not present a contraindication to the continuation of therapy 
An incomplete block may be increased or transformed mto a com 
plete block But this does not constitute a danger since even with 
high grade block and with complete mterruption of conduction 
between the auricles and ventricles, a normal circulation may exist 

iloreover it is incorrect to withhold digitalis from a patient 
needmg it simply because a disturbance of conduction from other 
causes is present If for any reason digitalis is indicated, it should 
be given despite disturbances of conduction Indeed, m patients 
witli aunciilar fibrillation an endeavour i« regularly being made 
to produce an increase of the conduction disturbance by meins of 
digitalis those cases of auricular fibnllation which exhibit a severe 
disturbance of conduction after small doses of digitalis for this 
reason often respond particularly well to digitalis therapy It 
would be incomprehensible if the production of conduction dis 
turbances were aimed at m auncular fibrillation, but were feared os 
a complication m sinus rhy'thm 

Digitalis can produce all forms of incomplete and even complete 
heart block Tor this reason in every jwtient with a disturbance of 
conduction an inquiry should be made concermng previous digitalis 
therapy The disturbance may persist for several days after the 
cessation of treatment 

j One last form of disturbance of conduction depends upon an 
organic disease of the A V system It is not a very rare event to 
find a congenital heart block in patients with a congemtal defect of 
the ventricular septum The bundle of His lies in the immediate 
neighbourhood of the septum menibranaceum In the absence of 
the connective tissue septum and its adjacent muscles the milage of 
the bundle of His may be disturbed 

\ structural injury of the conduction system may appear in the 
course of a toxic or degenerative diffuse damage of the heart muscle , 
it may be c'vuse<l by foci located m the conduction system and 
finally may be the result of a disease of the vessels which nourish 
the specific tissues All kinds of pathological processes m the 
myocardium may also appear in the specific ttssues , among others, 
diphtheria rheumatic myocarditis, gumma, tuberculosis rayo 
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malacia, carcinomatous metastasis maj ho jiresent In cliildren and 
young people, usually diphtheria or rheumatic disease maj be 
blamed , m older individuals coronarj sclerosis is most often 
responsible It should be stressed once again tliat a disease of tlie 
common muscle need not always involve the specific tissue and on 
the other hand, the specific tissue may he severely affected altliough 
the working muscle is normal Thei« events are explained bv the 
isolation of the conduction tissue from the common muscle and 
hj the fact that the specific tissue has Us sjieeial blood supply 

Wlien the historj reveals the absence of previous digitalis 
therapy, a careful investigation must be unilertalicn to determine 
which organic cause is responsible for the disturbance of conduction 
The clinical diagno&is of many forms of disturbances of con 
duetion is not possible iMthout the eniplojunent of graphic methods 
In a simple prolongation of aunculo ventricular conduction theie 
IS no alteration of the rate or rhythm to malve tlie diagnosis possible 
But not rarely attention is drawn to the long conduction time 
tJirough the appearance of gallop rhythm The auricles al«o produce 
sounds wlucli are normally inaudible, since thej merge with the 
first heart sound In prolongation of conduction time the auricular 
sound occurs so early in diastole that it becomes audible as a third 
heart sound after the two normal sounds This gallop rhjthm 
vanishes jmmediatel} when conduction again becomes normal 
Wenckebach’s periods can on clinical evammation at least be. 
suspected under the following conditions when a patient with 
rhythmic cardiac action receiving digitalis or an individual shortly 
after having had diphtheria or a myocardial disease suddenlj 
manifests periodic ounssiotis of ventricular sj stoles in contrast to 
extraaj stoles the pauses caused by dropped beats not being pie 
ceded b^ jireniature contractions 

In most cases the diagnosis of a complete heart block al«;o is 
possible without an electrocardiogram In the first place it is 
jflrpordrtffd to know that fft heart i/loek a hradjetf'disi tieed net 

always exist In former years heart block was considered onl^ when 

a decided bradycardia was present, and it was assumed that everv 
case of lieart block manifested bradycardia. But it has been pointed 
out that 111 complete block a verj fast ventricular rate maj be present 
and, for reasons mentioned later, this is v erj commonlj the case 
In otlier words bradjcardia is not the chief sign of complete block 
Even when a marked bradycardia exists heart block need not bo 
present , numerous other conditions ma^ occur, and knowledge of 
them 13 important 
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accompaiumg a progressut. digitnliyatioa remo\e}? the seusitivitj of 
the conduction tis-suc to digitaln and e\en the existing conduction 
disturbance ma\ vanish In otherwords a behavioursimilar to that 
alrendv discussed m digitalis extras^ stoles is also encountered in 
this connection 

If disturbances of conduction apjicar during digitalis tlicrapv 
tlicv do not present a contraindication to the continuation of tlicrajiv 
An incomplete block raav be tncrcased or transformed into a com 
plcte block But this docs not constitute a danger since even with 
high grade block and with complete intemiption of conduction 
between the auricles and \entncles a normal circulation maj exist 

"Moreover it is mcorrect to withhold digitalis from a patient 
nteding it simph because a disturbance of conduction from other 
causes is present If for anv reason digitalis is indicated it should 
be given despite disturbances of conduction Indeed in patients 
with auricular fibnllation an endeavour is regularly being made 
to produce an increase of the conduction disturbance bv means of 
digitaks those cases of nuncnlar fibnllation u hicli exhibit a severe 
disturbance of conduction after small doses of digitalis for this 
reason often respond particularU uell to digitalis therapj It 
would be incomprehensible if the production of conduction dis 
turbances were aimed at lu auricular fibrillation but were feared as 
a complication m emus rhj’thm 

Digitalis can produce all forms of incomplete and even complete 
heart block For tins reason in cverv patient with a disturbance of 
conduction an inqmrv should be made concerning previous digitalis 
tlierapv The disturbance niav jicrsist for several davs after the 
cessation of treatment 

1 One last form of disturbance of conduction depends upon on 
organic dteasc of the \ V system It is not n vcr> rare event to 
find a congenital heart block in patients vnth a congenital defect of 
the ventricular septum The buntlle of His lies in the immediate 
neighbourhood of the septum mcmbranaceum In the absence of 
the connective tissue septum iini its adjacent mvu«c\ea the ardage ot 
the bundle of His ma} be disturbcil 

\ stmctuml injurv of the conduction system mav appear in the 
course of a toxic or degenerativ e diffuse damage of the heart muscle , 
it mav be cnu«ed bv foci located m tbc conduction system and 
finally ma> be tbc result of a discaoe of the vessels which nourish 
the specific tLssues All kiniU of pathological processes in the 
mvocanhum mav also appear m the specific tissue among others, 
diphtheria rheumatic myocarditis gumma tuberculosis mvo 
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maJaeia earcjnoinatouis mctastaiis nia^ be i»resenfc In children and 
young people usually diphtliena or rlieximatic disease maj be 
blamed jn older indi\idiials coronarj sclerosis is most often 
responsible It should be stressed once again that a disease of the 
common muscle need not alna^'s mvolv'e the specific tissue and on 
the other liand the specific tissue may be severely affected althougli 
the working muscle is norma) These events are explained bj the 
isolation of the conduction tissue from the common muscle and 
hj the fact that the specific tissue has its special Mood supply 

\Vlien the historj reveals tlie absence of previous digitalis 
therapy a careful investigation must be undertaken to determine 
which oTQanxc cause is responsible for the disturbance of conduction 
The dinieal diajnosts of manj forms of disturbances of con 
duetion is not possible without the enip)o 3 Tnent of graphic methods 
In a. simple prolongation of aunculo \entncular conduction there 
IS no alteration of the rate or rhythm to make the diagnosis possible 
But not rarely attention is drawn to the long conduction time 
through the appearance of gallop rhj’thm The auneJes also produce 
sounds which are normally inaudible since t)ie\ merge uith the 
first heart sound In prolongatiou of conduction time the auricular 
sound occurs so early in diastole that it becomes audible as a third 
heart sound after the two normal sounds This gallop rh} thm 
vanishes immediateU when conduction again becomes normal 
Uenclebachs periods can on cLnical exammation at least be 
susiiected under the following conditions wlien a patient with 
rliytlimic cardiac action receiving digitalis or an individual shortly 
after having had diphtheria or a mjocardial disease suddenly 
manifests periodic omissions of \entricuhr sjstoles in contrast to 
extrasystoles the pauses caused by dropped beats not being pre 
cede<l b^ jiremature contractions 

In most cases the diagnosis of a complete heart block also is 
possible without an electrocardiogram In the first place it is 
important to know that m heart Mock n bradycardia need not 
always exist Informerjeirs heartbjock was considered onl> when 
a decided hradijcardia was piesent and it was assumed that ei er\ 
case of heart block manifested bradjcardia But it has been pointed 
out tliat m complete block a verj fast ventricular rate maj be present 
and for reasons mentioned later this is -vorj commonly the case 
In other words brady cardia is not the chief sign of complete block 
Fven when a marked bradvcardia exists heart block need not be 
present numeious other conditions may occur and knowledge of 
them 13 important 
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A xerj common form of brad^carclin is the constitutional or 
hereclitarj bradjcanba Tthich la found in man} families In such 
cases the cardiac rate raav he belon 50 

Usuall} a bradycardia develops m athletes during training An 
increase of cardiac performance can be obtamed through an inereaee 
of the stroke \ olume (increased lion to the heart) or tlirough an 
mcrease of cardiac rate (uithm certain limits) Smce the oxygen 
consumption of the heart increases disproportionately when the 
second possibihty is involved the first is more rational Actuallv this 
occurs m athletes w hose circulation is trained A hradv cardia w ith 
a correspondingly larger stroke volume belongs to tha atJIetie heart 

There are also toxic brady cardias Tlie bradycardias of jaundice 
and of hunger mdema are well knowm In some mfluenza epidemics 
a bradycardia prevails and disappears only after weeks (in other 
epidemics of grippe there is a tone smus tachvcardia) 

Brady cardia can also be produced by the vagus It may develop 
from increased intracranial pressure (tumour meningitis) which 
acts directly upon the vagus centre but a reflex from the carotid 
sinus (glands m the neck neck tumours) may also be responsible 
The vagal bradycardia is characterized by a sbgbt smus arrhythmia 
a feature to which Wenckebach called attention it may be extreme 
in some cases (bram tumours) 

Regardless of whether or not a bradycardia exists a heart hloci 
can by means of several signs be recognized without an electro 
cardiogram In the first place the observation of the venous puUe 
With simultaneous study of the cardiac rate may reveal venous 
undulations at the time of ventricular diastole This is explained in 
the followmg manner the auricles which contract more fretjuently 
than the ventncles produce an auncular w ave theawa\e To be 
sure this phenomenon is not charactenstic of complete block for it is 
also present in 3 14 1 block etc 

Another sign fumtshed by the venous pul‘«e is much more 
characteristic In complete heart block the auricles and xentncles 
work mdependently of each other each with its own rhythm This 
results in interference wjiereby an auncular systole periodically 
occurs at the same time as the ventneular systole so that in an 
electrocardiogram a P wave is concealed m a QRS complex or a 
T wave But if the auricle contracts yvhen the y entricle is still in 
systole it results as was described earlier (p 259) in supenmposition 
which produces a laige venous wave m the neck If with regular 
ventricular action an irregular venous pulse occurs and (yvhen the 
blood IS forced from the auricles back mto the veins) veiy high 
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vcjioiiH waves pcnoditally apj>eir, tl»c evjstcjice of a coinideto lieart 
block jna^ be assumed 

Not rarely isolated aun^Iai kounde can be iieard m diastole 
At times they are quite load and are audible to the left of tb© lou er 
end of the sternum or at the cardiac apex Sometimes they arc 
confused with the short rumbling diastohc murmur of mitral 
stenosis But with careful auscultation one hears that the auricular 
sounds (m contradistinction to a mitral murmur) appear at times 
earher, at times later m diastole, and occasionallj are absent 

Among the most definite signs of heart block js the occurrence of 
BO tailed cannon sounds If m heart block one listens at the cardiac 
ajiex marked accentuation of tlie first sound is heard m a majority 
of cases once, twice, or several times a minute , at times it is 
loud and thumping as m mitral stenosis, so that the designation 
cannon sound is understandable In\e5tigations m which the 
heart sounds are recordetl at tlie same time as the electrocardiogram 
show tliat these cannon sounds are not heard when the auricles 
and •ventndes contract simultaneously, but on)> when the aunoles 
precede the ventricles by a few liundredths of a second , this is 
explained by the djmamic status of the i entncnlar filling (Selenin 
and Fogelson) Since such on alteration of the di^ee of loudness of 
the first sound does not otherwise appear with rhytkmtc cardiac 
action, this sign makes the diagnosis possible 

If complete heart block is diagnosed, it must be determined 
whether it is caused bj an organic (permanent) interruption or 
whether merely an increased vagal tone with a alight damage of the 
A-V s} stem (digitalis) is producing the block whicli is then capable of 
retrogression This is accomplished by having the patient perform 
some exercise (bendmg of tlie knees) or, if be cannot work, to inhale 
amyl mtnte (five drops placed upon a cloth and inlialed for twenty 
seconds) Through these measures the vagal tone decreases, and the 
svTnpathetic tone increases , thereby conduction is transiently 
impro\ ed and the block dimmisbes unless it is caused by a complete 
destruction of tlie A-V system, m which case it remains persistently 
unaltered 

Fig 165a sho'fts complete heart block with a ventnciilar rate 
of 84 The block developed dunng digitalis tlierapy After 5 drops 
of amyl mtnte tlie complete block vanislied and, although a pro- 
longed conduction time remained (Tjg 165b), all stimuli reached tlie 
ventricle A fe%v minutes later the heart block reappeared and 
vanislied finally onl^ after the discontinuance of digitalis therapy 
TJie tracing was obtained from a case of severe coronary sclerosis 
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The automatic beats in heart block (Fig loia) are identical n itli the 
beats eoiidneted after amj 1 minte , this favours tlio nssumjition tlmt 

the antomatic beats originated 

abore the site of division of the 
bundle 

Ca^s of partial heart block 
react ver^ differenth to jilipsical 
exertion The block maj become 
increased or diminished The s\ m- 
pathetic tone increases through 
exercise and thus the conduction 
improves But simultaneously tlie 
auricular rate is increased , thus 
the conduction pathway is sub 
jected to greater demands and 
aunculo i entncular conduction 
unpaired Indeed, according to 
the factor which predominates, the 
existing block will be augmented or 
diounished b> work An example 
of the increase of block bj effort is 
furnished by Fig 150 

The assumption of Mobitz that 
Wenckebach’s periods occur onl^ in 
the A-V node was refuted bj the 
expenments of Scherf and ShooUioff, 
who succeeded in amrual expenments 
on the heart m ailtt, m mjunng the 
bundle branch at an area remote from 
the A— V node, and m producing 
penodieitj SubieqiientJy ScheJlong 
produced Wenckebach’s periotls in 
muscle stnps b> producing digitalis 
intoxication 

There is one form of partial 
heart block, * e , of periodic 
dropped beats, which is never the 
result of increased xagal tone, 
of a general mtoxication or of 
' digitalization, but alwajs due to a 

circumscribed anatomic cardiac disease It w differentiated from 
the Wenckebach period bv the fact tliat the conduction time alw ays 
remains equallj long, that is, no increase of conduction time occurs 
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aftei a long fceiies of conducted impulses in otlier Mords no 
change ta! es i)Iace 'Moreover at times several auricular beats 
may be bloci ed in succession this ncvei occurs in n \\ enckebach 


period where onlj one stimulus is 
bloci ed It IS certain that the in 
tensity and extent of the pathological 
process m the specific tissue and not the 
site of the morbid process decides which 
form of periodic dropped beats occurs 

This form of periodic dropped beats 
uhieh has just been described las been 
called by Mobitz Type 11 of periodic 
dropi ed beats in order to differentiate 
it from the Wenckebach period or 
Type I 

Clinical and experimental observa 
tions support the suggestion that 
Typo I periodic dropped beats appeals 
m extensive injury of the conduction 
system u bile Type II is found only m 
circumscribed injuries In mtoxica 
tions for example with digitalis or 
fatigue of the conduction pathways 
(tachycardias) only Typo I (Weneke 
I ach s period) is found 

In Fig ICG at the beginning of 
Lead I only two of three auricular 
stimuli are conducted to the ventricle 
2 block) In contrast to a 
Wenckebach period with 3 2 bloc! 
(Fig 155) the conduction time remains 
constant Then a group of four 
auricular stimuli follows of these only 
two are conducted to the ventnete 
(4 2 block) Despite the great 
dilFerences in the duration of the 
ventricular pauses hero also the 



P R inten als remam unaltered The same is evident in other leads 


Apart from the auriculo ventneular bloci of Type II a severe 
disturbance of intraventnculor conduction is present m Fig 16G 
Ihe ventricular complexes show the [ icture of the common f( rm of 
bundle brancli block 
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2 One can also observe a slow automatism in a highly placed 
block when the pathological process which leads to block also injures 
the deeper automatic centres Under these circumstances they 
cannot become active with their customary rate and therefore work 
\ ery slow I 5 

But it Js interesting that in man^ instances patients who show a 
ventricular automatism of 30 or less also have stnkinglj few com 
plaints as long as they do not exert themselves unduly A w onderful 
compensating mechanism m the circulatory dymamics prevents 
disturbances It was emphasized earlier that a bradycardia is 
almost always found in trained athletes The slower the cardiac 
rate the larger the stroke volume If the stroke volume with a 
minute rate of 80 amounts to 60 c c with 40 beats per minute a 
stroke volume of 120 cc is found For the circulation only the 
product of these two factors the minute volume has significance , 
it 18 obvious that this may bo just ns great with a bradycardia 
of 40 as with a rate of 80 smee diastole is longer and the 
•ventricle fills better when the cardiac rate is slow (Lund«>gaaTd) 
In other words in bradycardias providing they do not exceed a 
certain limit all disturbances are also completely compensated 
and clinical experience shows that this holds for rates down to 20 
beats per minute as long as the heart and the veesels are otherwise 
healthy 

In very decided bradycardias the heart is enlarged by virtue of 
the marked filling One often reads m X ray reports of atliletes 
and cases of heart block Plump universally enlarged heart ’ 
However onlj a dilatation of dynamic ongm is present On auscul 
tation of these patients as a mle a systolic murmur is audible 
over the aorta probably for the reason that ow mg to the dilatation 
of the left ventricle the normal aortic onfice acta as a relative 
stenosis Frequently the systolic blood pressure is increased m 
these cases of heart block and brady cardia 

With greater exertion to be sure the circulation of these cases 
of heart block all too easily become inadequate In the healthy 
person w ith the heart beating in smus rhythm the cardiac rate is 
increased bj the pcrforrnance of work through alteration of the 
V agal and sy mpathctic tone so that the minute volume mcreases 
somewhat and the musculature receives more blood The situation 
IS different in a deep seated heart block The vagus on the w hole 
has no influence on the centres located deep in the ventricles fp 20 ) 
and the accelerating action of the eympathetics la likewise much 
less than on the higher centres accordingly after work the cardiac 
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The comphinis of pitiente with disturbances of conduction are 
remarkably few In most cases the patient does not become con 
scious of the abnormal state In prolongation of aunculo Tcntncular 
conduction the cardiac rate and rfaj'thni on the whole are not 
disturbed In cases of Wenckebach periods the pause conditioned 
by the failure of conduction is not sufficienllv long to evoke 
symptoms The pause is hardly ever perceived In higher grades 
of block the deeper centres become acti\ e during tlie longer \ en 
tneular pauses, and through their own rhythm prevent any 
unpleasant standstill Reference has been made elsewhere to the 
fact that in complete failure of aunculo ventricular conduction the 
centres of the ventncle assume control and the patient on the 
whole does not notice this severe disturbance Onhj when auto 
matism fails for some reason that will be considered below , does the 
patient become conscious of the disturbance 

The rate of automatism of the ventncles in many coses of heart 
block IS as has been mentioned veiy high Minute rates exceeding 
60 are very common But also rates of 80, 100 and more have been 
observed (Fig 165) Tlie explanation of tins becomes evident by 
the following consideration the A-V node repre«ents a ‘ phy sio 
logical barrier ’ for aunculo ventncular conduction , even normally 
It retards auncular stimuli Tlius it is conceivable that m heart 
block due to arv increase of vagal tone mtovications or one of 
many oigamc disturbances of conduction the site of block is high 
m the A-V node If the mtemiption of conduction occurs quite 
high in the A-V node, an automatic centre highly situated and just 
below the site of block becomes active This A-V nodal centre 
has highly developed automatism As a rule its rate is only 15-20 
beats per mmute slower than that of the smus node 

If in heart block the ventncle beats slowly , two factors ma\ be 
responsible I Tlie interruption of conduction may be located so 
low that a very deep automatic centre becomes actn e In a deepU 
situated block the ventncular automatism can be as low os 30 beats 
or less per mmute When aunculo ventncular conduction is inter 
rupted by a bilateral bundle branch block the automatism may bo 
even less , in rare cases rates of 16 or even 10 beats per minute 
have been observed (Fig 164) 

In cases of complete aunculo ventncular block caused a bilateral 
bundle branch block vanform xentneujar extrasystoles frequently occur 
(IVilson) This phenomenon is undentandable since the same lesion 
which causes the block mav imtate the specific fibres and thus imtiato 
abnormal stimulus formation 
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2 One can also observe a slow automatism m a highly placed 
block when the pathological process which leads to block also in}ures 
the deeper automatic centres Under these circumstances they 
cannot become active \Mth their customarj rate and therefore Tvork 
verj slowly 

But It is interesting that m man^ mstances, patients who show a 
ventncular automatism of 30 or less also have stnkingly few com 
plaints as long as they do not exert themselves unduly A wonderful 
compensating mechanism m the circulatory dynamics prevents 
disturbances It was emphasized earlier that a bradycardia is 
almost always found m trained athletes The slower the cardiac 
rate the larger the stroke volume If the stroke volume with a 
minute rate of 80 amounts to CO cc, with 40 beats per minute a 
stroke volume of 120 cc is found Tor the circulatjon onlj the 
product of these two factors, the minute volume has significance , 
it is obvious that this may be just as great with a bradj cardia 
of 40 as with a rate of 80, since diastole is longer and the 
ventncle fills better when the cardiac rate is slow (Lundsgaard) 
In other words in bradycardias, providing they do not exceed a 
certain limit, all disturbances ere also completely compensated, 
and clinical experience shows that this holds for rates down to 20 
beats per mmute as long as the heart and the vessels are otherwise 
health} 

In very decided bradycardias the lieart is enlarged by virtue of 
the marked filling One often reads m X ra} reports of athletes 
and cases of heart block “ Plump universally enlarged heart " 
However, onl} a dilatation of djnamic ongin is present On nuscul 
tation of these patients as a rule, a systohe murmur is audible 
over the aorta, probably for the reason that, o^ving to the dilatation 
of the left ventncle the normal aortic orifice acts as a relative 
stenosis Frequently the a^stolic blood pressure is increased in 
these cases of heart block and bradycardia 

With greater exertion, to be sure, the circulation of these cases 
of heart block, aW too easrfy, becomes msdeqmte In the heaJthy 
person with the lieart beating m sinus rhy thm the cardiac rate is 
increased by the performance of work through alteration of the 
vagal and sympathetic tone, so that the minute volume increases 
somewhat and the musculature receives more blood The situation 
is different in a deep seated heart block The vagus on the whole, 
has no influence on the centres located deep m the ventricles (p 20) 
and the accelerating action of the sympathetics is hkewise much 
less than on the higher centres , acco^ingly, after work, the cardiac 
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rate remains far below the actual need Vertigo d^spncca and 
states of anxietj then appear 

The patient must adapt his performance to the condition of his 
circulatory sj’stem If this occurs he ma\ remain without s} mptoms 
for a ears Patients with heart block who without an\ complaints 
follow laborious occupations (porters butchers) are commonly 
encountered W ith the disturban<» of conduction unpleasant e\ enta 
occur onl} when Adams Stokes attacks appear Thev will he 
mentioned later (p 300) 

The appearance of a disturbance of conduction tlicrefore has 
great significance because in patients who ha\e not undergone 
preMOus digitalization it permits the assumption of a mjocardnl 
disease even though all other signs are absent The finding of a 
disturbance of conduction to be sure at first shows onl> that a 
pathological focus exists in the A Vsj'stem Whether it involves an 
aewte or chroruc disease an inflammation a necrosis an old scar or 
degeneration can be determined onl^ the cluneal evaraiiiation 
In an old person a simple prolongation of conduction time ma\ bo 
the first indication of the presence of coronarj sclerosis and its 
appearance in rheumatic disease mav indicate the presence of 
myocarditis Like abnormal T waves m manj cases the appearance 
of disturbances of conduction alone also permits the diagnosis of a 
mvocardial disease 

Such alterations are often transient and ma\ be absent during 
one examination But if under these conditions in electrocardiogram 
IS recorded on alternate dajs on the average everj second case of 
acute rlieiimatic fever wilt exhibit disturbances of conduction TJie 
disturbance can also be the sequel to diphtheria or rheumatic 
mvocardial disease cured jears before that is it is the result of o 
disease that had been inactive for jears It maj lack sigmficance 
if the common muscle is intact Despite the presence of heart 
block these patients can pursue a laborious life without sj mptoms 
or treatment The freedom from symptoms of most patients 
having disturbances of conduction is an important reason whv this 
condition is diagnosed so rarely indeed it is usually an accidental 
finding The prognosis is provided bv the undcrljing patholo^'^ 
and not the discoverv of a disturbance of conduction alone 

The irealment of a disturbance of conduction maj be omitted in 
most cases If it is asymptomatic one should not be alarmed by 
the conduction disturbance itself and should direct attention only 
to the undetlving pathological process 

Disturbances of conduction canned by digitalis subside rapidly 
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w hen the drug is omitted If an organic disease of the conduction 
sjstem exists only rarel> can it be influenced bj medication No 
remedy is known 'which prevents diplithentic necrosis and none for 
restraining the progress of coronary sclerosis But an endeavour 
should be made to impro\e coronaiy circulation by the adminis 
tration of vasodilating remedies (preparations of theophjllm papa 
serine) Even when a gumma has produced heart block specific 
treatment rarely 3 lelds a result smee the retrogression of a gumma 
also leaves a scar which usuall} impams aunculo \ entncular con 
duction If the disturbance is due to an old scar alt therajj will 
be useless from the start 

In former jears treatment was recommended for eienj case of 
block and atropine was often given for this purpose In tins ton 
nection it maj be said that the effective dose of atropine also pio 
duces untoward actions and the continuous ndnimistrntion of 
atropine is impossible 

Thus it happens that only in extreme bradjeardns and attacks 
of Adams Stokes the remedies mentionedlateraro employed (p 305) 
one does not turn to the prescription pad at once in cv erj disturbance 
of conduction 

Intra«auricular Disturbances of Conduction 

Just as disturbances of intraventricular conduction are recog 
mzed bj splintering and widening of the QRS complexes intri 
auricular disturbances of conduction may be assumed when splintering 
and widemng of the P waves arc found Owing to the presence of 
pathological foci m the auncles or ramifications of the sinus node 
the wave of excitation is compelled to spread abnormally from its site 
of origin m the sinus node The abnormal P waves nmj be per 
manent or merely transient according to the presence of continuous 
or transient disturbances of conduction 

Abnormal P w aves naturally can also result from an abnormal 
origin of excitation (abnormal site of stimulus production m the 
auncle auncular extrasj^toles) just as wideneil ventneukr 
complexes occur not onlj m disturbances of intraventricular con 
duction but also m ventricular automatism or in ventricular extra 
systoles The finding of P waves of varying forms with normal 
auricular rhj’thm and constant P-R Jnterv als is m fax our of an 
mtra auricular disturbance of conduction and against a disturbance 
of stimulus formation (Seli^f and Shookhoff Rothberger and 
Scherf) 

Apart from widening and splintering P waves may also exJiibit 



206 CL12\WAL BLECTROCARDlOGBAPin 

an alteration of form in the sense of increased amplitude (more than 
15 mm m height) and flattenmg thev maj become in\erted and 
isider (more than 0 1 second) Just as the QRS*comples develops 
from the sum of potentials ofthe two ventncles the normal P waves 
represent a summation of potentials developing from the excitation 
of both auncles 

From a negative P wave one may not a'^sume an origin of excita 
tion in the A V node with astimalusongmatingin the head of the 
sinus node at a normal site inverted P waves maj appear as the 
result of abnormal spread of the excitation Since the sinus node is 
located in the nght auricle this chamber is stimulated (0 01 second) 
earlier than the left so that a slight difference in tune normallj 
exists between the excitation and contraction of the two auncles 
Abnorraallj large and split P waves are a frequent finding ui 
mitral stenosis and m empb 3 *sema probably in connection with 
the dilatation of the left or nght auricle (Figs 36 116) 

Accordmg to Wmtemitz the P wave in cor pulmonale is height 
ened only m Leads II and III and is neither widened nor splmtei^ 
it u low m Lead I In mitnl lesions the largest P waves are found 
m Leads I and n The) are usual!) split and widened The authors 
can confirm this statement It is not as jet deterrmneil whether 
these changes are caused by hjpertroph) alone or also b) dilatation 
Some observations are m favour of the assumption that the abnormal 
r waves of cor pulmonale are cau^^ed b) hv pertroph) and the 
abnormal P waves of mitral case<* also b) dilatation 

Completel) isolated disturbances of ultra auricular conduction 
are rare more frequentl) they are found in conjunction with dis 
turbances of atrioventricular or intraventncular conduction Under 
these circumstances the) are significant because they indicate that 
a pathological focus exists not only m the ventricle but also in the 
auricle in other words a generalized exten’^ive disea'se is present 
Examples of disturbances of intra auncular conduction are seen 
in Figs 23 and 95 

In ver) rare cases a complete dissociation is found between the 
two auncles (Scherf and Siedek) The disturbance can also be pro 
duced experimental!) In tlus case one finds two auncuhr rh) thms 
completel) independent of each other (inter auncular block) 

Smo auricular Disturbances of Conduction 
Smo auricular conduction disturbance^ are rare chieflv because 
of the presence of a great many connections between the sinus node 
and the auncle and owing to the large dimensions of the sinus node 
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Moreo> er, ever} single iibroof tho sinus node is capable of forming 
stimuli, so that with destruction of large parts, sufficient tissue 
capable of function still remains Most cases of sinus block are 
produced by digitalis therapy , tins is comprehensible, becau'^e 
digitalis acts upon all centres and all paths of stimulus con 
duction 

The picture of a sinus block may also be imitated bj a disturbance 
of stimulus formation, that is because at times a stimulus is not 
formed This tyiie is rare More commonly sinus block can be 
traced to a disturbance of conduction with normal stimulus fonna 
tion 

Fundamentally similar disturbances of conduction may be 
found between the sinus node and the nuncio to those that exist 
between the auricle and ventricle The most common and also the 
most easily recognized form is a jienodic omission of sj stole (tlropped 
beat) through a block of Ty pe II One or more s} stoics (of the 
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entire heart, auncle and ventricle) are dropped since the corre 
sponding number of stimuli is not conducted bey ond the emus node 
Thus it results in the apiicarance of complete cardiac pauses whose 
duration is double, triple, or some multiple of a cardiac cycle If 
these pauses arc longer, the deeper A-V centres become active if 
this does not occur because the centres are damaged Adams Stokes 
attacks appear In the presence of higher grades of smus block and 
as the result of the repeated appearance of A-V beats, at timeh a 
remarkable tracing develops 

If a complete sinus block exists, that is no normal stimuli pass 
from the auncle to the ventncle, the A-V node is continually active 
and A-V rhythm appears (p 310) 

Fig 167 shows pauses which are exactly the double of normal 
penods in an otherw ise regular heart Dunng these pauses not only 
the ventricle fails to contract but the auncle is also inactive 

In Fig 1C8 four beats are drop|)ed soon after the beginning , the 
pause amounts to five times the norma! period (6 08 seconds) quite 
late, only after the lapse of 4 5 seconds, an automatic beat occurs 
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Iix Fig 169 ft \erj' marked but regular sinus bradjcardia of 27 
beats per minute (length of cycle 2 20 seconds) is present This 
bradjcardia is due to the fact that everj’ other sinus stimulus Is not 
conducted (or not formed *), In the long pauses an A-V nodal 
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centre becomes netive so that a 'wry pcculnr tracing develops 
In the T irnve of the first automatic beat a normal P-wave is seen 
ivhicli IS not folloired b} a ventnenlar complex since it occurred 
too earl^ tlien an automatic beat again appears and soon thereafter 
a sinus beat ^Mth entirely normal conduction Owing to the sinus 
bradycardia an automatic beat again follow s m whose T w ave a 
r wave 19 concealed winch is slowly conducted to the ventricle 
The next P wave is concealed m the T wave of the following auto 
matic beat and is blocked 

In Fig 170 at first glance one might diagnose extrasjstoles On 
closer inspection another disturbance ls recognized 

A sinus bradjcardia of 42 beats per minute is present Tiie first 
P wave in Fig 170 is seen after the first QRS complex it is hidden 
m the Twite the next P wave follows immediatcl} behind the 
third QRS complex and adjoins immediately on an S wave tho 
tliird P wave follows the fourth QRS complex and has tlio same 
position in the cj cle as the first P wave the beats of abnormal 
form w Inch always follow 0 24-0 28 second after a P w ave are 
ventricular complexes of conducted beats (not extrasj stoles) 
Tlieir abnormal form is the result of their prematiintj (aberrant 
conduction in the ventricle) Owing to the marked sinus bradj 
cardia which again is probably the result of a 2 1 smo auricular 
blocl escaped beats from the A-V node repeated!) occur 

In othei words the samo disturbance is present ns the one rejiro 
duced in Pig ICO The peculiar appearance of Fig 170 is merelj 
tlie result of a different grouping occasioned b) otlier rates of tho 
sinus and of the escape rliytbm Likewise the marked bradycardia 
m Fig 32 IS probably the result of a 2 1 or 3 I sinus block 

III smus block the jiauses caused by dropped beats do not 
alw aj s constitute an exact multiple of a normal period since the 
smo aunculnr conduction before the dropj ed beats is prolonged and 
afterwards may be shortened (as in A V blocl ) Indeed in a 
Wenc! ebach s penod the pause may be much shorter than double 
the normal penod Exact analysts of such smus arrhythniias 
winch are mdependent of respiration is lmpo^^stble becaiiso tho 
actiuty of the sinus node cannot bo directly registered tliat is 
changes of the smo auricular conduction are not demonstrable 
For the same reasons a diagnosis of a simple prolongation of smo 
aimcular conduction — ^avitliout dropped beats — cannot be made 
since m such cases the clcctrocar<liogroni cannot 1 e clifTerentiated 
from a normal one 

The treatment of sinus block is arranged in accordance witli the 
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sinie viewpoints as the treatment of disturbances of aunciilo 
ventricular conduction In a majontj of ca^es of emus block of 
organic origin an aficction (sclerosis) of the nrtenes supplying the 
sinus node exists 


The AdamS'Stokcs Syndrome 

Tlie fiVTidromo which is named after Adams and Stokes* is 
observed when for some reason the circulation stands stdl and the 
supply of blood to the brain stops If this standstill lasts only 
3-4 seconds usually it is not noticed by the patient only a pause 
which persists for a longer lime canscs a sensation of vertigo , after 
approximately 10 seconds unconsciousness occurs and the patient 
faints with longer caixhac standstill there is twitching of the onns 
and legs and finalh tome and clonic convulsions Unne and stool 
pass involuntarily A stmdstiU persisting for longer than 3-4 
minutes is olwavs fatal 

TliLs event can bo evoked by two mechanisms which arc funds 
mentally different from each other their distinction is important in 
respect to treatment 

According to recent investigations thi first major ftjpt formerly 
regarded as unusual is much more common than the second and is 
roused by tachvcardia It was stated earlier (p 221) that the higher 
the rate and the shorter the diastole the smaller the stroke volume 
becomes If tlie cardiac rate exceeds a certain limit the time 
available for ventncular ftlling liccomcs too short and the ventnclo 
exjiels too little blcKKl with too little force so that practically the 
circulation stands still With a powerful myocardium and with 
normal vessels otherwise hcaUhv young individuaU wiU tolerate a 
remarkably high rate extremely well Thus we obverved a young 
man with a tachveardia of 320 beats jier minute who was still 
able to walk slowly to the clinic In older patients with sclerotic 
ves^eIs in severe heart mascle dtsea-se in valvular Icsioas W'lth 
prcxlommant stenosis of an ostium and for this reason a small 
stroke volume from the start even vnth a lower rate of the heart 
the circulation mav become inadequate for the required perfusion 
of the central nerv oils sy’stcm In a sev crcly damagc<I 1 cart due to 
coronary thrombosi** even a tachycardia of 160 beats jicr minute 
mav prince unconsciousness \ cry often it represents a paroxvamal 
nuncuhr fibnlhtion which is not uncommon preciselv in old jicoplo 
with sclerosis of the jwnpheral vessels (p 245) 


It wad alao I<^nUsl !>} 
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Trequently, despite Joss of consctouwcs^, tJiero stdl CMsts a sJiglit 
riieulation m tJjese cases Binee IbeljeartstiJl advances asniall amount 
of blood, so that even a longer duration of the attack is not fatal 

The second mam form of Adams Stokes is encountered m actual 
cardiac standstill There are vanoua sub groups Most commonlj 
a ventricular standstill appears m disturbances of aunculo 
ventricular conduction when the conduction to the ventricle fails 
and the deeper centres do not immediately assume control o^ er the 
veiitncle by their own automatism Nonnallj the deeper centres 
are prepared to step in immediately upon failure of conduction of 
stimuli to the ventricles If in a healthy dog one sections the bundle 
of His m a heart exposed b^ operation, a sbght slowing of the heart 
IS seen, but no pause occurs, since an automatic centre immediately 
below the division becomes active and prevents standstill But if 
this experiment is performed on another animal with the difference 
that pnor to the severing of the path of aunculo ventricular con 
duction, a small amount of quinine is injected and thus the auto 
matism of the centres is impaired then they do not function imme 
diately after the section , rather a certain period eJapses until 
suBicient metabolites liave accumulated in the centres so that they 
gradually begin to function This pause before the beginning of 
automatism is called the pre automatic pause The more the specific 
fibres are damaged, the longer the pause The longer \entricular 
s andatiU lasts, the more severe its results 

Corresponding to these experimental observations, in most 
patients in whom a complete heart block aiipears, tlie intact deeper 
centres always immediately become active and prevent disturbances 
But if the block develops in a case in which tlie deeper centres are 
also injured by the same pathological process which produces the 
block, for example if arteriosclerosis produces not only the block 
but also damage the deeper centres, then a pause before the institu 
tion of automatism produces an Adams Stokes attack Since 
complete heart block, after its first apj^arance^ usually does not 
persist uninterruptedly, as the conduction of stimuli temporarily 
recovers until it again fails, new attacks recur repeatedly In the 
history of patients inth heart block the report is frequently heard 
that montlis or years ago frequent attacks of vertigo and fainting 
occurred One should realize that heart block developed precisely 
at that time 

Big ITlashowathebegmmngandrig 171b the end of an Adams 
Stokes attack due to ventricular standstill Since it is impossible to 
employ leads from the extremities dunng conMiIsions a chest 
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lend «fls used TIjo record Mas 
obt'uiietl from tlie nfelil 2n(l and 
5th intercostal s-pnco parasternalh 
In this >rn^ rcinarj»ab]j high P 
waves ate obtained •which at first 
glance might be confused witli vcii 
tnciilar complexea They are fo! 
lowed bj a negative after deflection 
At the beginning of the tracing 
m Tig I71a a ventricular com 
plex maj be seen betireen two 
auricular waves tlien all ven 
tncular action fails for one 
minute and tlnrtj sixseconds Hic 
auncle beats even more rapidly 
owing to tlie insuflicicnt blood 
supply to the sinus node 

In Fig 171b ventricular auto 
inatism gradually occurs again 
The ventricular complexes show 
an altered form Onlv aftcrsevernl 
beats does the outomatism rencli 
its full rate 

In this c-vse it concerns a rare 
form of Adams Stokes m a patient 
already presenting heart block 
Temporarily the automatism of the 
ventricular centre fails Hie block 
appeared aftercoronary thrombewLs 
At all events it must always 
be assumed that two disturbances 
are necessary for tins form of 
Adams Stokes to apjicar (1) the 
failure of the aurioufo veiitnciilir 
cgiiduction (2) tl e failure of 
ventneukr automatism 

In rare cases a transient car 
diac standstill may aWi develop 
through a vagal inhibition that 
IS ncurogenicnlly There are cases 
m which such extreme hvper 
cvoitabihiy exists m thereoeiitorsm 
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the carotul sintii that the least pres-^urc at t!io corresponding area 
of the neck pro<liice<t standstill Such patients fall unconscious if 
the liead is held in a certain {XifitioD or if a stiff collar presses 
on the carotid sinus, cases are also knoivn in which tumours or 
masses of glands press upon the carotid smns and precipitate most 
severe attacks (Wenckebach and Wmterberg Soma Weiss) 

Likewise * vago vagal ” reflexes ongmatmg in other places raa^ 
induce cardiac depression For instance several cases of cardiac 
standstill due to swallowang have been observed m which a hyper 
sensitive area in the pharynx was found Cardne standstill appeared 
if this was touched with a probe but if the area was anesthetized 
with novocaine, the attacks did not occur (Flauni and Klima) In 
the discussion of these attacks it must be mentioned thit depressant 
reflexes originating in tlie carotid sinus may lead to disturbances 
of consciousness without cardiac standsbll and mthoufc low enng of 
the blood pressure (Weiss and Ferns) 

The cUnical differentiation between the two forms of Adams 
Stokes (the form with tachycardia and the variety with cardiac 
standstill with its various sub types) is not alw ays easy The history 
of the patient is the same in the two forms One might behove that 
an attack of tachycardia would be assumed when extrasystohe 
allorliytbmios are found during the examination of the patient in 
the interval between the attacks and that the variety vnth cardiac 
standstill is present wlien outside the attack a disturbance of con 
duction exists But often this does not liold in practice Thus 
experience of recent years 1ms mdicatcd that most attacks of circu 
latory standstill from tachycardia api>ear precisely in cases wuth 
aunculo ventricular conduction disturbances This is conceivable 
because the same disease which produces the disturbance of con 
duction also may lead to irritative states in the specific tissues and 
thus lead to tachycardia Thus the ventricular fibrillation repro 
duced m Tig 120 arose in a patient who at the same time had heart 
block Many cases have b^n leported in wbicli both tvpc'* of 
attack have been observed in the same patient 

But the diagnosis is not easy even if one has the opportunity of 
examining the patient in an attack The pulse is absent in both 
conditions Tlie heart sounds also are inaudible in the tachy cardiac 
form as soon as a certain rate is exceeded On the other hand, 
during ventricular standstill the regularly working auricle can 
produce distinct sounds which lead one to iraagme that the v entricle 
13 active The examination of tlie patient in an attack with an 
electrocardiogram is desirable But biucb the attacks appear 
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Buddenl) without wanunt their elcctroeatthographic rej.wtrfttion « 
not alna^s jmssible except uhemtticksnrc, frequent In tlic latter 
instance one must apply the electrodes and wait until an attack 
occurs 

From the standpoint of diflerential diagnosis epilepsy first 
comes under consideration If in the midst of health the patient 
suddenlj falls down becomes unconscious and convulsions ajipear 
this erroneous diagnosis is comprehensible The majont> of cases 
observed bj us came waj of the neurological chmc Similar 
attacks also occur m advanced stenosis of the aortic valve Con 
fusion \v ith simple sjmeope is common 

During the attack of Adams Stokes peculiar disturbances of 
breathing occur which consist of a severe d^spncca followed bj 
apnoja This dvspncea is perhaps the result of an accumulation of 
abnormal metabolic products m the respiratorj centre and the 
apnoca the result of a preceding hyperventilation m the dvspnccio 
stage If Adams Stokes attacks become frequent they mav he 
confused with Clieymc-Stokes breathing 

Every attack is a serious and dangerous event Everything 
depends upon vUiethcr the blood is supplied to tlie brain Iiefore the 
centres begin to die Every re awakening from a severe attack is a 
re awakening from death 

Treatment is permissible only when it has been demonstrated 
whether the attack is produced by tachycardia or by a ventricular 
standstill Treatment without a definite diagnosis may cause 
serious injury Both forms require drugs vvhich have exnctlv opjiosito 
actions If cardiac standstill exists stimulating remedies must be 
giv en w Inch might be fatal in the tachycardias and in such cases are 
therefore to be strictly avoided On the other hand the dcpre«.sant 
agents effective in the tachycardias mav cause serious damage if the 
attack IS caused by cardiac standstill 

The therapy of each case is divided into (a) the treatment of the 
attack Itself and {b) the prevention of new attacks 

It the attack is produced I>y taclivcardia at first an attemjl h 
made to abolish the tachy cardia by one of the previou^Iv mentioned 
vagal reflexes (carotid sinus bulbar reflex etc) If this is not sue 
cessful or if a ven high ventncular rate exi'sts in auricular flutter 
or fibnllation where these reflexes are ineffective or onh inomen 
tanlv effective it is best togivcstroplianthin (J mg ) intrav onously 
Bv this means the attack can lie stopped (p 2C8) or at least the 
ventricular rate reduced But it is clear that immediate aid is not 
provided with strophanthin since it is effective only after some 
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uiifmtcj iiiorcovor it on rcicJi the hcitrt onlv ivlien the cxrcuJation 
f} sufficient for this jntriiObe A« uns stated earhei (p 30i) 
this IS often the case 

It IS well to avoid an intravenous injection of quinine m these 
eases since loivering of blood pressure and decrease of the con 
tractile pouei of the heart may produce untouard effects But 
quinine is always preferred when an attempt is made to preaent 
new attaclcs The doso under these cireimistanceH wouhl bo as 
disciiased in the cliapter on tachycardias (p 2b8) 

If an Adams Stokes attael is caused by ventricular standstill 
one must endeavout during the attack, to stimulate ventricular 
automatism as much as possible A simple and ver\ often effective 
measure consists in powerful blows in tbe cardiac region in animal 
experiments one succeeds ea‘»ilv m awal cnuig automatLsm through 
mechanical stimuli 

In a case of standstill of the ventricles intramuscular or intia 
venous injections are useless The mtracardnc injection of 
opmephrui© is dangerous because too marked irritation of tJie 
centres may lead to tlie appearance of ventricular tschy earths and 
even fthrillation A fieart in which a block has developed tends to 
form heterotopic stimuli \entricular extrasystoles are found with 
remarl able regulanty in these cases Therefore the use of caffeine 
18 recommended for inttacardioc injection rather than epineplinne 

But if the appearance of new attacks is to be prevented the 
conduction to the ventricle and ventricular automatism must be 
improved Tor this jmrpose epinephrine preparations arc useful 
One atlnimisters epbedrine injections or tablets (^l tablet) three 
times a day , tlieophyllin (anunophy Jim) is also very effective as a 
vasodilating agent that increases automatism it is especially 
tffectivo m those patients whose attacks mav be traced to coronary 
sclerosis 

The administration of atropine lias proven useful only m those 
cases whose attacks are asenbed to abnormally strong vagal reflexes 
and hypercxcitabihty of the vagus 

Repeatedly barium chloride has been recommended for the tieat 
ment of cardiac standstill It has been know n since the studies of 
Rothberger and Wmterberg that the remedy increases the auto 
matisni of the deeper centres to an extraordinary degree If merely 
a few milligrams of BaCl^ are injected intravenously in a dog 
ventneukr fibrillation appears at once Colin and I^vjne retoni 
mended very small doses by mouth in order to increase the auto 
matism of the ventricle to tlie extent that ventricularstandsliU was 
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pmeiited TJio tioso nnioiints to -fO-OO mg BaCI, nliich w 
admimstered three times a day, that is, 20 drops of a jier lent 
solution three times daily But this therapj has the disadiantngc 
that in different people hanum is absorbed from the intestine to a 
variable extent and at different rates, morcoier, the borderline 
betiieen the effectne and totie dose is lerj sharp and the ninrgm 
of safetj small Thus at times no action is seen for a long time until 
suddenly a dangerous heterotopic tachjcardn appears Opmions 
on the utihtj of barium are divided that of the authors lieing quite 
unfavourable The combination of barium with ndrenalin-ephodnne 
pieparations ls Iikeinse recommended b> some nuthontics but 
because of the danger of ventricular fibrillation tbeir use should be 
discouraged 

If Warns Stokes attacks appear during the frequent transition 
from partial to complete block, paradovicallj digitalis therapj often 
aids Conduction is so profoundly impaired by it that a continuous 
complete block appears Tlicn the automatism of tlic ventricle 
becomes continuously active and the attacks usually are no longer 
feared 

One administers small doses (0 2 gni (J gn ) of the standardized 
powdered leaf] of digitalis dath Since digitalis does not depress 
the automatism of the ventncular centres but jiromotoa it, this 
therapy is rational 

Even operatne treatment (section of one vagus) has been 
attempted and good results have been reported which perhaps 
should be oscnlied to some other factor, since the imiiroiciiient 
occurred onl\ several hours after the operation 

One can hardly be too cautious in the appraisal of tlicrapi, since 
the attacks \ ery frequently cease quite soon eienuithoiittrtatment 
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ATRIOVENTRICULAR RHYTHMS AND 
ATRIOVENTRICULAR ARRHYTHMIAS 

The Manifestations of Atrioventricular Rh)thm 

^Micn the sinus node loses its actisitv or b} \irtiietf n disturb 
ance of sino auncular conduction the stimuli formed there arc not 
condvicted the centres located m the A-\ node ( secondary 
centres ) assume control over the rentncle 

Tlie centres of tl e A \ node possess an ell de\eIo{)ednutomnti'*m 
Ihcir rate is onl> sbghtl^ less than that of the sinus node so that 
in the event of an A \ rlijthm there i« oiilj n slight rcduttion 
of cardiac rate The patient scarcely excr c-omes to the phtsician 
because of a pronounced brad^cartha 

Tl e A \ node is a poor conductor A stimulus conductotl from 
the auricle to the ventricle is held up for ajiprotimntil^ 0 0^ second 
in the A t node so that the aunciilo aentncuhr conduction time 
normallj amounts to the remarkable duration of at least 0 12 second 
Tins has a definite practical significance because it permits the 
auncle to ha\c sufficient time to force blood into the \cntnclc 
augment its filling and improve the tension of its musculature 

According to the electrocardiographic picture tlirec forms of 
A \ rhjthm are differcntiateil and a different site of ongm m the 
A A node is assumed for each one Against the justification of this 
localization there are a number of facts based upon eiperimcntal 
obsen ations (Scherf) that it is not projiosed to consider in thn u ork 
The concealed position of the A V node in the heart makes an 
experimental studj of its bchaxiour in conduction and stmiuhis 
formation > erj difficult \t present our knou ledge of the phnsiologj 
til Wit A V v/wlt V9. 

As long as results of further investigations arc not aiaihblc tlio 
customarj explanation of the three forms of A ^ rhythm mil 
despite ail objections be retained in order to aioid confusing the 
beginner 

In the most common form of A-\ rhj’thm the auricles and 
■ventricles contract simultancoiisb the excitation which arises m 
the middle of the A \ nod© is conducted backward to the aunties 
and m the normal uai to tl e ventneJes Owing to the icix poor 
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conduction m the A-V node, it is verj i>os?ible for the excitation to 
rcjjuire just as niiich time for the shorter passage to the auricles ns 
for the longer journey to the ventricles As demonstrated in 
Fig 172b the auricles and ventricks are stimulated simul 
taneonsl} and the P leaves, nhich appear at the same time as tlie 
initial deflections are concealed m them and therefore are invisible 

Fig 173 shows m Lead II a tracing of this type A slow yen 
tncnlar rhjthm was seen m all leads P waves were absent They 

-V"i f 

a b c 

Flf 17J Sdiemfttie ilmwinjrorUiothfeofontwofBtrio^oMtrirulftr hvtJim 

were also absent ulien a cliest lead nas emplojed (p 150) m other 
words their mvisilnhtj docs not depcntl simpl)' uiion their small 
amplitude In animal experiments this form of A Y rlivthm may 
1)0 observed directly and the auricles are seen to contract wniiil 
tnncously w ith the ventriclep 

If the stimulus arises high in the A-V node it passes back to the 
auricles ver^ rapidly and tlie path to the ^ent^Jcle^ reqmrts a some 
what longer time, as 13 indicated m Rg 172a Owing to this tj pc 



Fio 17J Atnoventncwfsr rhythm {nuddle section of tho norie) 


of spread of the excitation rhythmic cardiac action is seen in wluth 
the auricles are stimulated shortly Irefore the ventricles and the 
P-R interval is very short Since tlie auncles are excited in a 
manner directly opposite to the normal the P waves are negative 
This Jorin oj rhythm ta recognized bij the fact that tn an electro 
carihogratn negahie P icates arejollotred at a short intenal by normal 
t'ea/ricH?fTr complexes 

An example of this form of A -V rhythm is reproduced m 1 ig 1 74 
The cardiac rate is somewhat accelerated (rate ^7) Negative 
Pwoves are visible before the ventncular complexes wlucli are 
normal in conflgnration The conduction tunc amounts to onl} 
0 08 second 





312 CLIMCAL FLECTmCARDlOOIliPin 

If tlie stimulus nnses in the loner part of the A \ timie it 
reaches the ventricles verj rapuU> awl the conduction hack to 
the auricles through a large part of the A-\ nwle requires a Unger 
time The ventricles as indicated in Fig 172c are acti\atc<l 
earlier than the auricles the QRS complexes appear first and tljc 



Fio 174 (Load II) tiri(»ontncu>dr rh}tl m (upper eect onoftl onode) 


P naves follon Usuall} a negative P ivave is found betneen tl e 
QRS and the T naves 

In Fig 175 the canhac rate is regular No P rnives arc seen 
before the ventricular complexes In Lead 1 slight notching of the 
T nave is vasible and it cannot be definitely determined nl ether or 
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not a Pnavc is pre'cnt In I/sai^ II and III lowcvcr deep 
negatue P waves are ihstinctly recognizable in the S-T mtcnnl 

Traemgs showing the latter two vanetics of V-\ rhvthm (origin 
of the stimulus in the upper and Ion tnnost sections of the A-\ node) 
arc uncommon 

An A A rhvthm can vetv casilv Iw produced in the hcallhv 
individual under tno conditions First it is found csimmordi diinng 
a carotid pressure test (see Pjg I »I) During vagal iiihil ition ll t 
sinus node loses its activity while the A-V node which is much le^s 
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subject to \agftl m/luence, continnes to work Second, after the 
administration of atropine (Wilson) , about 10 per cent of normal 
people transiently sliow A-V rhythm soon after a Biibcutaneous or 
intravenous injection of atropine has taken effect (Eckl) Atropmo 
produces an “inverse” excitation of the vagus which is evident 
for a short time before tho paralytic effect becomes apparent 
Apart from this, atropine does not produce a paralysis of all \agnl 
endings m the heart simultaneously Tims it may happen that for 
a short time the A-V noda) centres function more rapidlj than the 
centres in the sinus node Since the more rapid rhjthm controls 
the heart, an A-V rhythm is found for the duration of tins state 
In these artificially induced A-V rhythms almost always that 
xarietj is present in which the auricles and ventricles are stimnktcd 
simultaneously and the P waxes are hidden in tho initial 
deflections 

Parade found a transient A-V rhythm after a cold bath lie 
ascribes this phenomenon to xanations in the tonus of tho vegctatix e 
nerxes 

An A-V rliy thm may be caused in twoi w ayn tlie mode of origin 
of xvhicli is fundamentalij different First a® already mentioned 
when no stimub pass from the sinus node to the aunclc tint is m 
an incomplete or complete iunus block In this instance tlie A-V 
rhythm is a sequela of a disease in the region of the sinus node 
Second an A-V rhythm is found when an irritant acts upon 
the A-V node, so that tho automatism of the A-V node is higher 
than that of the sinus node If the cardiac rate is slow (as in 1 igs 
173 and 175), the possibility mentioned first is assumed, but if the 
rate is high (as in Tig 174), the second comes umler con 
sidcration 

A-V rhythm is frequently referred to as nodal rhythm It is 
adxisahle to avoid this designation since sinus rhythm is also a 
nodal rhytlim , moreover, some time ago fibrillation often was mis 
takenly called nodal riiytJim (Mackenzie), and this name still 
appears in older books and adds to confusion 

Smee m two forms of A-V rliythm tlie auricles an<l ventricles 
contract simultaneously and the auncles thus cannot emptj tlicir 
contents into the xentncles the sphincter mechanism at the mouths 
of the great veins which normally prexents regurgitation is overcome 
and the blood is expelled backward into the large veins Thus in 
A-V rhjthm high “ superimposed waves " are at times seen in the 
neck Lilccwiso in A-V rhythm the hrst heart sound is often 
stnkingl> accentuated 
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^o p\ mptoins tire produced bj an A-V rhj-thm , tlte apjK-amneo 
of\cnotis pul'Jitions m the neck m pcreene<! bj onh a few patients 
riic normal mechanism produces no enduring circulitorj damage, 
since the canine rate, as a rule is nuflficicntlj 
slow to permit the \entriclcs to fill during the long 
diastoles without the aid of the atinclcs 

„ Interference of Sinus and Atrioventricular 
^ Rh>thms 

If the «mus and A-V centres fonn RUnmh with 
£ 'ijiproximateh equal rites and all centres hIiow 
c slight but not completelv pinllel rli^thmtc warn 
g tions \eT^ confusing tracings inav apjicnr 
' At times a riomnl Pwavo is obsened at a 
« normal interval fie/orc the xcntricnhr complcv ami 
s a sums licat must be a«sumeii , at times a negatne 
T r wave IS seen at n nornml or shorter interval before 
I or after tlic initial deflection ‘ A eliango in tlio 
a site of origin of the atimwlns a shifting of tlu 

I piceniakcr aiqicars 

“ It shouhl 1)0 recalled that smim rhythm mat 

* exist even jf negative P waves appear at noniud 

1 intenals before tlie initial deflection, the spread of 
g e\<itation in the auricles being abiiomml , ihw 
s maj result from an origin of tlie stimuhw in the 

lower sinus nmle (RotJilicrger and Seherf) 

2 In Pig 176 vnrjing beats mav bo observed 
~ vuth normal and negative P waves viliioh are 
~ located alioiit o 17 second before the initial dcflcc- 

* tion but rcftcatcdlv vcntncular complexes np|)car 
■“ winch are neither preceticd nor followed b\ a 
£ Pwave that is vvJiere the P wave is ronccilcd in 

the initial deflection (rcc also Pig 17*^) 

Interference DUsoclatlon 
In the discussion of ventricular cxtnis^ stoles 
reference was made to the fact that verj rarel> arc thej transmitted 
back to the auncle since thev are held up in the A-V node wliirli 
conducts fKiorlv even in a normal dirtction ’Ihis dejireKsion of 
n-lrogtade conduction also o«,ttrs fi<imetimc*s m rhvtlini 

inninlv m that form wlinh develops through iricrtftsc<l automatism 



ATJtJOVUNTJtlCULAlt MHiTims 


J15 


of an A-V centre, that is in the form %\hicli is accompaincd 
bj a higljor rate At times it is obsened m tJie course of 
digitalis therapy Usinllj it is transient 

Since the A-V stimuli are not conducted back to tiie anncle tlic 
sinus node w orks undwturbed 

Tlie A-V centre nben /unctioning nioie rapidly tlnii tlie sinu? 
node centre (othernise its effect could not even appear) forms 
independent stimuli ‘ interfering ’ -with those of tjie sinus node 
Eiery smus beat uhich occurs outside of the refractory phase of an 
A-V lieat IS conducted to the \cntncle since the aunculo ventriculai 
conduction is then normal The conducted beat breaks into the A V 
centre, so that its stimnUis formation begins anew and a coupling 
of two rhj tjiina ’ appears According to the rate relationships of the 



Fsq 1*7 (chest lead) Interference Wtween emus and atnoccntnoular rhythm 
(interference diswiation) 


two rhythms interfering with one another tlie iiioet diverse pictures 
develop 

Tracings of this tJ^>c }»ave been known for a long time Thej 
were correctly interyireted for Iho first time bj P t> White ind 
Wilson, and were named interference dissociation bj "Nfobitz 

In Fig 177 which was obtained from a strong!} digit-ilized 
patient who suffered from a mitral lesion an interference dissociation 
wbicli appeared transiently may be seen The sinus rh^dbrn which 
w as depressed owing to the action upon the % agiis of cbgitajis liad a 
rate of 41 the A-V rhythm a higher rate of 48 Since the A-\ beats 
w ere no t conducted back to the auricle interference of tlic tw oriiytlims 
occurred At the beginning of the tracing an automatic beat may bo 
seen in whose S-T interval a P wave is concealed immediate!} after 
the initial deflection Tlien an automatic (A-Vj bevt occurs , the 
normal P wave which imniwhatclv follows on this occasion appears 
so late that it is coudnctetl to the ventricle nUhoug}i somewhat 
slowly Then the interference begins again The next normal 
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Ptt•a^e IS concealed in the initial doflection of 
the A-V beat, the following P waves come 
increasingly later until one occurs ho lato that 
the stimulus is again conducted to the \eritricle 
A similar tracing is seen in Pig 178 , m thw 
case both centres, the sinus node a** well os the 
A-V node, work more rapidly and the tlifrcrcnce 
in rate of the two rhythms w \er} sliglit, so that 
shifting occurs more slowlj Tins traiiug aUo 
was recorded from a digitalized patient (hy|H?r* 
tension and coronarv sclerosis) , in both cases 
the disturbance vanished after the diKContmimnce 
of digitalis therapv The second and tlic last 
but one ventricular complex in Fig 178 arc 
conducted from the auricle , the other com 
pleves onginatc in the A-V notic ClinicalK 
one obtains the impression that evtrasystolcs 
exist The analysis of the tracings proves 
however, that the* extrn8y8toIcs”are, in rcahtv, 
conducted beats 

Interfcrenco dissociation is rare m non 
digitalized i»atients In the absence of digitalis 
it occurs in disturlmnces of the sinus nwlo wJicn 
the sums rhythm is sufficiently slowed as to 
ff enable an A-V rhythm to appear The failure of 
^ conduction of the stimulus from tlic A-V node 
Z. back to the auricle is alw ay s a basic condition fur 
the njti>corance of the arrhy’thrnia At times 
an interference dissociation is found m a 1 
sinus block because in this instance the \-V 
node may work more rapidlv than the sinus 
node 

In cxpemnenlal work an interference di-<so- 
cia'tion is resAAv pro&uceA 'ox acoufiiTK!' 

If the smus and A-V rhv thins have olinost 
the same rate, but show very hlight variations, 
and if retrograde conduction from the A-V nwle 
to the Gunclc is continually aksent, tracings like 
Fig 170 develop 

Iletween Figs J7ni and HOh a section of 
the tracing containing three vcntrittilnr com 
plcvcs has been removed because they dis 


INTEUFEnENGB DISSOCIATION 


317 


jilayeiUhesamc form ns thoMsatthcemlofyjg. 17 Uaoi- tJiobegijmiJig 
of Fig. f70b. At tinic-s the IMvaves of the sinus rhythm appear 
Ijcfore, at times after tlic QRS*complexes, and at times are concealed 
in them. The P-waN-e is continually positive, that is, the auricle is 
regularly stimulated hy the sinus node. An A-V centre forma 
stimuli for tJie ventricle (“competition between tw'o centres”) 
(p. 314). 

With marked differences of rate between the sinus and A-V 
rhjihm, tracings appear (Figs. 169 and 170) which it is advisable to 
consider separately from actual interference dissociation with slow- 
shifting of two rhythms ; to be sure, no fundamental difference 
exists. 

In rare cases n centre in the sinus node interferes, not with the 
A-V centre, but tvith a centre of atirauhw formation Ijong deeper in 
the ventricle which worlis more rapidly than the sinus node As m 
Fig. 180, the ventricular complexes of the automatic ventricular 



170. Competition the einus and atriovtfntriouJaf noJM. 


Iieats are abnormal in shape. In Fig. 180 tlie sinus node forms S5 
stimuli, while the ventricular centre yields 90 stimuli ]>er minute. 
Here ako the ventricles respond to cacli stimuhi.s from both centres 
as long as they occur outside the refractory period. The eighth 
QRS-complex in Fig. ISO is conducted from the auricle, the ninth 
siiowa some changes because n part of the ventricle is stimulated by 
tlie sinus stimulus and another part by the idioventricular stimulus 

(summation beat). 

Atrioventricular Exirasysloles and Tachycardias 

Since, as wa.s &tateil earlier (p. 165), every sjwcific fibre of the 
heart is able to form automatic stimuli, and may also he the site of 
origin of pathologically formed stimuli, extrasystolea and tachy* 
cardias may also arise in the A-V node. 

Fig, 181 shows extrasystoles occurring between several normal 
beats ; sujterficia! inspeotion might cause one to diagno‘.e auricular 


second In the discussion of auneuhr extras^ stoh s it mis strtssed 
that, oMing to their prcnmtiintx, they nrc often coiiductcd b1o\\J\ 
to tlic \entnele, so that a prolonyaluni of auntvdo-xcntnuiUr 
conduction time npfiears But, amce m fig IBI jirenintnre ntijnhtt 
auncidar xinxcs are xenttinibT wunplexes of noTioal 
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PARASYSTOLE 

e\ery specific fibre has the abi 3 hiehly de\ eloped 

automaLsm and the other Mnt k 

S:L“ratl^ftL‘'«n^^^^^^^^^^ the dee.,, centre, 

cannot appear behaviour can be disturbed A 

Under abnormal conditions tliia b res.ionds to 

deeper centre may he ,ts irritability is loaered or 

a conducted atmiulus perhaps. pjj^g stimulus 

because the etiniulus ‘ , „„tro winch usuallj lies in 

formation proceeds undisturbed m this centre 

the ventricle sites of stimulus 

Under these ‘ ° .!.i „acemaker in the smiis 

formation in the heart firet, o n j, umbsturhed stimuli 

node, second an automatic centie form.iig_^^^^^_^^^ 

All stimuli formed by from such a case a regular 

period yield a response In “ tlim ivtU be found wbich 

sinus rhythm and a regular au hapliens that the 

work rndependently of each ^ ^ both (sums and 

ventricles may occasionally e because of the contuiuous 

automatic stimuli) at the same mo between an automatic 

interference of both rhythms. „„tjnuoii 3 ly vanes In contras 
heat and the preceding , two rhythms are coupled with 

to interference dcsociation w e conducted to the ventncles, 

each other every time a . „„i coinpWc'y ■’“kpea 

here lU tuo rhjihm mrl and Rothherger, to 

,knt of each other, as in heart ““'k K ,bsturhance8 

whom we owe the discovers "'“t£„„„e8 ■ pararrhj thmia 

of no^al mdependent rhythm prevail, in 

the heaXTeetdes para ”) the "“™“| *^“‘”ests tlie presence of 
In rig 183 superficial evtrass stoles But 

sums rhsthm which i, disturb J , 



ISl vt>U» 


CLiyiCAL ELECTROCARDJOGRAPfjy 


closer insj*ection re\eaN that tlie tune of occurrcnco 
of the beats suggestne of extrnsjstoits ^anes con 
stantly, those beats at times coming early, occasionally 
late m diastole , theit “ coujilmg,” or interval after 
the precedmg normal beat, i«i at times short, at times 
long Measurement demonstrates that the interval 
between the abnormal beats is alnajs a multiple of 
the interval between two abnormal beats winch 
follow eaeli other directly, that is, a centre irorKs 
rhj’thmicall3 m the ventricle, undisturbed b} the 
sinus rhjthin One finds that some abnormal beats 
npjjear more or less simultaneously with sinus beats 
so that the ventnciilar complexes show eveiy 
transition between the two main forms , sometimes a 
larger part of the ventricle is excited by abnormal 
automatic stimub at times by the sinus stimulus so 
that mixed forms “ suraroation,’' of the ventnciilar 
complexes appear The sinus rhythm lias a cycle 
length of 0 05 second (rate = t)2) The automatic 
ventricular atimub have a cycle length of 1 22-1 24 
seconds (rate = 48 40) Tlie interval iii the middle 
of the tracing that is free from abnonual bents has n 
length of 4 85 seconds , that is, it corresponds to four 
times the automatic period If over a period of weeks 
long sections of tracings are recorded daily, the same 
situation 13 always present Zltasuremtnt aheay* 
demonstrates that eicry automatic sltniiilua ttJiieh appears 
uhen the tentricle ts no longer »» a refractory stage after 
a Sinus beat ytelds a lenfncidar respond 

Indeed according to the relation between the rates 
of the two rhythms, pictures of the most dneiNe types 
of interference appear they can be easily predicted bv 
reconstruction on graph paper 

Parasystoles are not rare when one investigates 
every tracing ahonmg “extrasystoles” which 
appear in varying jihases of diastole in order to sec 
whether or not an automatic rhvthm indejiendent 
of the sinus rhydhm, interferes w ith the latter Actually 
111 parasy stole it does not concern extras} stoles because 
the latter do not develop independently by' an 
automatic stimulus formation, but, as was mentioned 
earlier (pp 166, 190), are caused by the preceding I>eat 
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H erefi rc Hio interval l)et«eonthce\tnifcvRtoIe and the preceding pro 
cipitating beat m a given case » always the same Inparasastole on 
the other hand the interval between the tivo types of beats %anes 
Tile chief factor m the appearance of parasystole is the undis 
turbed operation of an automatic centre w Inch 


18 isolated by a protective block (Kaufmann 
and Rothberger) from other centres of stimu 
lus formation as was stated ]>revjoiisly this 
does not respond to outside stimuli and is not 
disturbed by them The presence of such a 
protective block has been experimentally 
proven (Scherf) Aetualiy it is not a block 
m the sense understood for many years but an 
inability of the ventricular centre to res| ond 
to outside stimuli 

A cleat example of a protective block is 
furnished by Fig 184 Here a complete heart 
block IS present since almost regular auricular 
waves and regular ventncular complexes 
appear and the aunculo v entncuhr intervals 
vary continually After the second ventricular 
beat a ventncular extrasystole is seen which 
appeared Ruling carotid [itessure {the dehcate 
white bne shortlj in front of the extrosystoJe 
13 the signal and intbcatcs approximately the 
beginning of carotid pressure) As a rule a 
ventricular extrasystole in heart block disturl s 
the activity of the automatic ventncular centre 
since the evtrasystobc stimulus breaks into tl e 
automatic centre so that it must begin its work 
anew and the post extrasj stolic jause la just 
ns long as an automatic period In Fig 184 
tins IS not the case The anloniatic centre 
works undisturbed and its rhythm is not 
changed by the extrasystole it was pro 
tcctively blocked 



As a nile the rate of an automatic centre 
corresponding to its ^ 1 cart is much smwer 

than that of the sinus node But at times its rate may bo higher than 
that of the sinus rhythm of the affected case Since the nioro 
rapid centre always controls the heart a ventricular tachjoar la 
al ould now appear But it may hapi en that some of the rapidly 
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formed ventricular stimuli elicit no nNjwijM? 
from tlie \entncle or are not furtlier eon 
ducted (e^it block), so that during the 
ensmng pause smus stimuli immediafclj stpj) 
in Then pictures like Fig 185 mav he seen 
Here » sinus jh^thui with a nic of 
92-100 IS present It is intcmiptcd fre 
quentlj by groups of 3-3 abnormal \en 
tnculor beats which look like extrasjstolcs 
Repeatedl> niLxed (summation) complexes 
appear The time of occurrence of abnoniml 
beats vanes this is against on extra 
s>stolic mechanism and in favour of m 
creased automatism The cycle length of 
the automatic beats amounts to 0 4(>-0 4'> 
(mosth 0 40) second and the rate is npproxi 
matel> IW The three intervals depicteil 
which are filled l>> smus beats between 
the abnormal beats amount to I 30 (3 x 40) 

3 40 (9 X 40) and 1 64 (4 x 41 "J) seconds 
Since m long records this regulantj was 
alwajs found in the same way, tlie cMstenco 
of a rli>thmicaUy active abnormal ven 
tnciilar centre must l>o assumed in tliii 
case But the measurement and calculation 
of the tracing shows that in contrast to 
Fig 183 not everj stimulus formed hv the 
abnormal centre and actiinllj apjicanng 
outside the refractory phase of the ventricle 
cbcits a response from the ventncle 

A good example of exit block witliout 
jwrosystole IS furnished by hig 18C It 
was reconled in a case which is repeatedh 
mentioned m the book of Wenckebach and 
\\interbcrg (observation of Scherf Winter- 
berg) It concerns a paroxysmal ventncular 
tachvcardin In Fig 186 a new attack 
begins after a normal sinus bent , tw ice the 
chain of extrasv stoles is intemipted The 
pause tliereba developing is exactly twice 
ns Jong as an extrasystohe iwrioil The 
extrasv stoles apjicar at intervals of 0 45-0 48 
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Si*, STSTHoa and tw^co the ventnc.e doe, not 
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to exphin the appearance °,nmeHa8'"°'’y 

Kanfmaim and Bothberger renorted up to *>'<> 

Tts mtere,t,ng that all .„ pit.ent, aho hare 

aa far a» we Uow, ''=^«„Se totoS ‘I'O ota.cal findmg, perm't 
heart diaease or in whom the imro j 
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The Bundle of Kent 
. tower ammal, the am-- 
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fecconil could alwnj-s bo produced (Fjg 187b) Morco\cr, the t«o 
types frequently alternated with each other 

A fort} four jear old woman reported tliat for more than 
twentj two jears she had suffered from attacl s of palj)itation winch 
the electrocanbogrnm proved to be attacks of parov\smal aunciihr 
tachycardia Likewise m this patient the cardiac examination was 
normal She also showed at times abnormal and at times nornnl 
electrocardiograms 

In Fig 188 there la a spontaneous change between the two tqwi 
Despite a constant smus rhythm and constant nuncuhr activity, 
abnormal xentncuhr complexes repeatedly occur after noriinl 
P waves ^lorcover in these ca'ses tlie initial deflections arc wide 
and the terminal deflections (especially in Leads II and III) abnormal 

On the basis of analysis of these cases it became CMilent tint 
with constant auricular activity occasionally or for longer jicnod? 
abnormal ventricular beats appeared icJttch irerc ahctiyn deperulfsil 
upon fie aiirieles and which lia\c a shortened conduction time 
(usually under 0 13 second), jt was therefore assumed that m 
addition to the A Y conduction system a second aunculo \ entncuhr 
path of conduction existed m such cases IVherc tins abnormal 
pathw*ay of conduction is located is still undecided But since m 
nil known cases of tins typo after a shortened conduction time 
abponnal acntncular complexes always appear which indicate a 
disturbance of intra ventricular conduction it was assumed that 
tins second path reaches the xentncle at an abnormal site 'Jhc 
duration of conduction in the abnormal path is shorter maiiih 
liecause the delay of conduction in the A-V node is absent The 
conducted auricular stimuJiis can at times employ the normal at 
times the abnormal path (Fig 188) In one patient the change 
takes place after a couple of licafs in another after months or years 
Sometimes only abnormal beats are observed Very often one 
succeeds by means of an exercise test by atropine or amyl nitrite 
m converting one form into the other Alterations of irritability 
of the tone of the cardiac nerves result in the auricular stimulus 
employ mg the path in w Inch it finds the least resistance 

Fig IS'ia shows altemafing normal and abnormal beats Alxiut 
half wa\ in Fig IS^a three abnormal beats follow each other In 
Fig isnb (middle tracing) which was obtained from the same 
patient a few minutes after an exercise test a bradycuixlia with 
marketl smiis arrhytlimia is rcconicd Two normal ventntulnr 
complexes appear At two places the abnormally conducted licals 
show n particularly marked widening (immediatclv before the sums 
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l)calfa with normal conduc- 
tion). It possible that 
increasingly abnormal con- 
duction in tlie ventricle 
results in the fact that the 
atnovcntricular system is 
employed by tlie aiirirular 
stimuli. 

Fig I89c also allows 
abnormal ventricular beats 
following a few hundredths 
of a second after normal 
P-« aves The initial deflec- 
tions in this case are 
especially wide and closely 
resemble the tracings 
obtained in bundle-branch 
block 

Both cases were normal 
in regard to the clinical 
examination of the circula- 
tion. In each instance it 
concerned patients who 
sought relief for a 
paroxjsmal tachycardia 

Since the condition is one 
of a congenital anomaly 
{usually such cases are 
Jiealthy from a cardiac 
standpoint ; the young^t 
case observed was fbur-and- 
a half years old), and since 
the prognosis is good, up to 
the present it has not been 
possible to study tlie heart of 
such a case at post-mortem. 
Ouly by this means would 
it lie possible to prove the 
existence of a second 
auriculo-ventricular con- 
nection with certainty. 
From aneinbrj'ologif al point 
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of ^Jett it IS indeecl possible that at times other reminnts of the 
ongiml extensive connection normally found iti the pnmUivc htxrt 
nnj persist wluch are cipable of conduction 

It IS possible that sometimes retrograde conduction from the 
ventricles to the auricles is as^mciated with the bundle of Kent tliw 
is found occasionally even m complete block of the nonna! con 
duction that IS m auriculo \entncuW block (Averbncl ) 

Ivnowledge of this anomalv is important since the phjsrcnn 
often overlooks the shortened conduction time and deilurcs the 
existence of a ni 30 cardial disease from the abnormal ventricular 
complexes Repeatedly we have seen such c««es treated as for 
invocardial disease and thus unnecessarily distiirliod 

The ventnmlar complexes max show quite different pcturcs 

'll 



. .. 

>111 iOU Shoriene I con luci on a td abnormnl in liitl dxflccti n ( a 
pat ent wrth attacks of parorj-stnal tach>ranl a. 

at first glance they may seem ohnonnal (as in Figs 187-IfeO or 
reveal an approximateh normal apiwamnce (ns ml ig 100^n^dthu^ 
are easilv mismterpreted Also the direction of the deflection m 
I^eads I and III can be different However the notch near the base 
of the ascending limb of the R nave is found very frequently 

It IS interesting that the majority of cases w ith abnormal nuncul j 
ventncuhr connection consult the phvsicinn becnu«e of attacks tf 
paroxysmal tachycardia Thus 20 of 31 cases of this tyqic com 
plained of budden palpitation The relationship i« not quite clear 
However it max bo recalleil that many vvars ago before case* 
of this kind were known de Rocr elalmraleil an hvjxithesis of the 
development of paroxv'smal t iclivcardia winch whs based upon the 
a^bumption of the cm tcnce of the bundle of Kent Aminhng to 
his theorv paroxvsmal tachjcanliaa develop from a continunus 
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THE DIFFERENTIAL DIAGNOSIS OF 
MYOCARDIAL DAMAGE AND ARRHYTHMIAS 

At nuineroiia places m tlus book it bas been pointed out that not 
rarely the diagnosis of a myocardial affection can be made Tvith 
certaintj from, iht thciroaxrdxotjram alone With the assistance of 
numerous examples it 1ms )>een demonstrated that tlie participation 
of the heart nmsclej so common m acute rheumatic fe\ er infectious 
diseases tonsillitis, and coronary diseases, at times can be lecOj^nizcd 
only bj means of the electrocardiogram, while the rest of the clinical 
examination is negative Not rarely the electrocardiogram proves 
that the persistent palpitation after tonsillitis or an infectious 
dtseaso must he attributed to an accomjmnying myocarditis that a 
vague pressure in the region of the Ijeart accompanied b> marked 
meteonsm is the result of coronary sclerosis, or that a severe coronary 
involvement exists m a patient affected by sjphihs j'ears before 
although the present complamte are tnQing 

But It was abo emiihasived that digitalis therapy may alter the 
eleetixicardiograni so profounilly that the picture associated mth 
se^ere rajocardial injury appears , reference has also been made to 
the fact that in some normal people u ho are etandmg quietly indeed 
in rare cases even uhen sitting, electrocardiograms are regularly 
found u Inch must be unequivoc^Iy designated as abnormal 

It lias been repeatedly empliasized that one can conclude from 
tlie electrocardiogram that a myocardial disease is present but no 
information as to its nature is obtained There is indeed, no 
electrocardiogram typical of any pathological process The history 
sfsd the physical examination asuahy mssrst tn the dtlferenttsi 
diagnosis The electrocardiogram supplements the result of clinical 
examinations but never supplants them 

Abnormalities and signs indicating tliat pathological foci (of 
some type, recent or old, inflammatory , degenerative, scars, etc ) are 
definitely present in tlie heart are the following — 

1 Initial deflections which are wider than 0 1 second 

2 Slarked splintering and slumng of the waies of the initial 
deflection 

3 Abnormal S-T segments (observe the pathological displace 
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mentsand uhen u-sjng Btring gaUanomcters tho dislnrbm;. en'ect'< 
of polarization and rule out the action of digdnUs) 

4 Abnormal 1 aarw m Leads I and Jl (digitnlw ') 

5 Vanform ^ent^cu!'»^ extrns^'stoles 

() All forms of conduction disturbances (« hen the ndiumistration 
of digitalis can be excluded) 

7 CJnequi\ocaII} abnormal result of the exercLse test 

As frequent and important signs of a mj ocardml dnease but not 
absolutely decisue when isolated and susceptible to eialuation onl\ 
uith other clinical eiidence, niai also be mentjoncil — 

1 Flutter and fibrillation 

2 Paroxysmal tachycardias 

i Multiple extras>stoIes paras\ stoic 

4 A deep Q n ave in the third lead 

All of the four electrocardiograpbic alterations just enumerated 
may also appear m patients nbo cither o\er a long penod or 
continually do not exhibit an\ obrious evidence of a cardiac 
affection But such cases arouso suspicion and alnavs demand a 
very careful examination and observation 

A normal electrocardiogram never proves that the Jieart m 
healthy 

Tlie prognosis of a cardiac malady should never be determined 
from the electrocardiogram alone 

In the following discti<iaion information made avntlabL bv tie 
preceding sections is amplified n itli the aid ofaddiCiomil ifiustmtifmv 

Fig 191a sbovrs the electrocardiogram of o twenty twoyear-<ill 
male \v bo os a child had suffered from rheumatic fov er and chorea 
Since that time no msufliciency of the aortic valve witJi a heart of 
normal size had existed In 19J7 examination furnished the electro 
cardiogram of Fig 191a The mitial deflections arc 0 08 second in 
width the T waves in Lead II are low , but there are nn 
indisputable signs of myocardial dwease Jhe splintering of the 
initial deflection near the base line in Ixnd I may aho apjiear 
nonwally 

Without having been ill m the interim and still free from 
symptoms the patient relumed once again for examiintion after a 
lapse of tw o V car? 

The electrocardiogram rcconled at that time iv shown in Iig lOlb 
Tlic low splintered P waves have remained unihange<! In l^ad I 
a deep and wide S wave follows after a thm U wave the same » 
seen m Lead II In Ixiad HI a wide double pointed Kwave 
appears after a short Q wave The w idlb of the initial deflertion has 
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Had a deeper Q w a\ c been of right bundle brancli 
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winch reveal all the signs of tlm tv^ jjj ^ absent 

described bj Wilson, althoiigli a deep so 
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frequenllj in normal anh)^ bo found m pitho 
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Ruggest tltc ofROTOtotherdisturbitice of intrauntntuUr 

conduction The Urnunal deflectioiiis tire normal In form \l nil 
eients an intraventricular disturbance of conduction u prcM-nt 
In the second case the initial deflection h 0 10 second in width 
Splintering near the base line w evident in all leads the Q naic m 
Lead III is abnomialli Th® terramal deflection ui I>end 1 

sEiowa a sUghtIv depressed S-T, m l^catl II tliere is a depresswl S T 
as well as a deep inieiied Twaie Tlie diagnoaw of mwcardml 
damage seems indwputable 

The electrocardiogram of the third case iva<« obtained from n 
sivt^ tliree \car old male nho twice had surviied an npopitxi 
witli transient hemiplegia In Lead I the elcctmcarthogram is 
nonnni In Lead II the T waic w abnonnallj small mi t foUaviS a 
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shghtlv depressed S T segment Tlic deep nnic in I^ad HI is 
probabh a Q but Ihw diagnosis cannot be made with certainti 
since a Q ware definition must alwais be followeil hi a distiiict 
Kwa\e But here there IS merely a suggestion of an 11 waio Iir 
these reasons one maj also suggest that the nijocnnhuni ts jiartw i 
paling in some disease (pr{>bnb!\ an arterwwtlerosis) 

The fourth eleetrocanliogrom was recorded in a fort} -^uc Mnr-< 1 1 
pitient with malignant nephrosclerosw , gallop rhiihm as will ns 
Clieme-Stokes breathing were present the non protein nitrogen 
was increased , a short tun© after the clectrocanliogram waa taken 
the patient succumbeil to Ins maladi The electrocardiogmni docs 
not correspond to the usual picture which w ohtaineil from ntvs of 
SCI ere longstanding lijiierlension The left axis denation with 
oppo^itcl} -ilirected terminal deflections is lacking OnU m IxmU I 
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Olid II i% tl)o plump niitial deflection #.eoji (but not in I^cad III) the 
T -ft ave of Lead I is absent, and the low T \\a% o of Lead II indicates 
unequivocally a myocardial affection Likewise the chmea! picture 
and the subsequent course of the illness justified tho assuniption of a 
myocanlial disease (presumably coronary sclerosis) whiclv coni 
[ihcated tho massive hy’iiertrophy of the loft heart 

Tho fifth senes is from a sixty three year old patient who^e 
heait was perfectly normal m sue and shape , the sounds were ]mre 
But upon walking ho always saffered from typical ridiatmg pains 
which immediately vanislied upon hia taking nitroglycerine Hero 
also ifc IS difficult to say whether or not a deep Q wa\e m present m 
Lead IH or whether it actually w an S wave In Lead II an unequi 
vocal S wave is present , but this does not pro\e much smee a 
Q Wftie may still bo present m Lead III Striking and certainly 
abnormal however, is the low T wave in Lead I 

In tho sixth series another electrocardiogram is repioduccd 
wliicli resembles a block of tho right bundle brancji of tho Wilson 
tyjio Tho findings which suggest it are the plump b wove m 
Leads I and II, the deep wave generally considered as a Q w ave m 
Lead III {which often but not always is preceded by a small notch) 
the positive T waaes m Leads I and If and the negatiae T wave in 
Lead III But, on the other hand it must be stressed that the 
initial deflections arc only 0 10 second in avidth and the plumpness 
and width of the S waves m Leads I and II ns well as tho R wave m 
Lead III are only slightly evident Such tran'iitionol forms aio not 
rare and are interesting If the syndrome described by Wilson 
actually is a block of the right bundle branch these tnii'^itional 
forms are difficult to imderstand At all events a disturbance of 
intraventricular conduction is present in these cases 

Sections of tracings of four cases are shown in Tig 193 
Tlie electrocardiogram of Case I is certainly abnormal The 
initial deflections are plump, but scarcely 0 10 second in width Tlio 
b-T segments are depressed below the isoelectric Ime m a!l three 
leatls and tho T waves are very low In other w ortU, tlie recortl 
shows a kmd of ventricular complex that is seen in myocardial 
damage However a glance at the P vraves and the ouriculo 
'eiitricular conduction timo reveals tliat the P waves precede tiio 
initial deflections only by a few Iiuntlredths of a second It concerns 
(owing to the presence of an abnormal P-B interval combmeil wath 
abnormal ventricular complexes) a case of abnormal auriculo 
ventricular conduction along tho bundle of Kent, that is, a Imnnless 
anomaly For this reason it is not correct m this case to assume 
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iiHociniml (hnngc on the Iwis of almoniifil \cntri( iil tr wiinjilcxef. 
The i>atjent sullered fnim atticks of i>aro\jsnnl tachxtnrdit wlucli 
are typical of this dmturbanre 

Tlie electrocardiogram of the second case in Fig 193 was rccordwl 
m 1 patient mth severe coronary sclerosLs and anginal symptoms 
Two months after the registration of the clectrotardiogrein showm 
m Fig 103 the patient <lied suddenly Plump initial deflcctioru 
wdened to 0 11 second deep Q naves in Lead HI ami deeplj 
depressed S-T segments with rerv Ion T naves in Lends I and II 
maj be seen The deep Q nave and the negative T in Lend III are 
not enough to make a diagnosis of a posterior nnll mfirction mtl 
certamti Negative T naves m Lead IT mnv occur m healthv 
individuals The widening of the initial deflection the abnormal 



S-T segments and the deep Q wave in l/*nd III are nther iii favour 
of nn extensive injiirj of the heart 

In the third case a levocnrdiogram exists The initial defleclions 
areO 10 second in width and splintered The terminal deflections are 
directed oppositely to the initial deflections 

One can assign electrocardiograms of this variety to the common 
form of bundle branch block But it should never be fv rgotten that 
another disturbance of intraventricular conduction without a block 
of the mam stem innj very easily proiluce the same kind of Irucmg 
A lev ocardiogram with widening of the initial deflections and 
abnormal oppositely directed termuial deflections is not r\n m 
myocardial damage In this case a hyjiertension of SIO/HO wa^ 
present vnthaverv large left heart gallop rlirthm pukus nitemans 
and stasis ^ , r 

If it IS asserted that the clectrocanliogmm of the thml cim oi 
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iig I5U shows the picture of the common foim of bundle hr n h 
block it should not be forgotten first that no do not knon 7ihci 
bundle branch is blocked and.second that it cannot he unequnocaU> 
demonstrated whether or not » mnm stem of a bundle brancli is 
blocked at all Nevertheless a disturbance of intraventriculai 
conduction is present 

In the fourth cleotrocardtogram high R wn^ es 0 09 second n iile 
ma\ beseen in eacli lead TheS Ts^ments are di-splaced below the 
isoelectric line in all leads and the T waves are almost completeK 
absent 

The diagnosis of {hffuso se\ ere myocardial damage v, as confirmetl 
1 y necropsy nherc an extensive myomalacia mtli coronarj sclerosis 
nas found "With more circumscribed pathological processes (myo 
malacia inflnramaton foci) the electrocardiographic alterations arc 
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usually oppositelj directed iii Leads I and III and not snnilnrl} 
iletlected as m this case 

Pig 194 IS that of a patient nitli tjqiical attacks of angina 
liectons The pam appeared after exertion of a tnfling nature and 
compelled the patient to stand still Thej were immediately abolished 
bj amj I nitrite 

The electrocardiogram in Fig jOJnshows a Icvocardiogram the 
initial complexes are 0 10 second wide and somewliat plump The 
1 waxes ai-e abnormally loxv in I ead I 

I ig 194b allow 8 tlie electrocardiogram immediately after exercise 
(climbing stairs 20 metres m heiglit) The T waves m Lead I haxe 
become deeply negative in Lead III they are consiileriibly higher 
In Lead II an auricular extrasystole is visible 

Therefore the examination is uneqinxocallv m favour of 
coronary stenosis Four months later coronary thrombosis occurred 
necropsy show ed an occlusion of the Ramus descendens anterior 
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lig lOui was recorded in a Ibrtj nine jrCir old pilicnt, who 
re^iortcd that at times, cs^icciaUj after eating, Rometiincs njso eii 
rapid walking he noted a sense of pressure m the "pit of the 
stomach Tlie pain did not radiate, was not invarnbl} aggrai ited 
bj movement and at times persisted for ten minutes The clinical 
evanunation jielded normal findings 

The electrocardiogram (Fig 105a) shows a conduction time 
lierhaps at the upper limit of normal (most distinct in Uad II), the 
initial deflection m Lead I is somewhat plump , but otherwise the 
findings are normal After an evercise test one sees the imtn! 
deflection in Le^d I somewliat smaller (lower position of tlic 
diajihragin), but the depression of S-T m Lead II does not exceed 



Fig lO^a and b Flcctrocardiograms Wroro and alt«r (vlomarh 
empty) 

the normal physiological range, ns often happens in the Itealtliy, 
the T iravc in Lead I is e\en somewliat higher 

On the basis of these results winch were obtained by others the 
patient was treated as hnxing “gastntLs " and n cwrrcsjioiiding diet 
and prescription was given He did not imiiroie iindcr the new 
therapeutic regimen and changed physicians 

Since an electrocardiogram dunng rest and after work again 
jircscnted the normal appearance (see Figs l{)5a and b), another 
electrocardiogram was reconlcd after eating Distinct alterations 
became eiident {mhj after eating and even before e\erci>o) (Iig 
19Ga) The S-T segment m Lead II is slightly dcprcisetl below tl»e 
isoelectric line and the T wave jn Lend II is almost iiuisihle An 
e\erci«e test conducted immediately afterwards shows a deep 
depression of the S-T segment in Lend 11 (Fig 196b), that h, it was 
distinctly i*ositue 
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These tracings are instructive for several reasons At first tliej 
ohon hoiv cautious one must bo in the apprusal of the result of nu 
exercise test A load upon the heart from cLmbmg stairs did not 
produce electrocardiographic alterations but after a meal a Inch 
in itself causes an increased demand upon the heart there 
apiieared sev ero alterations of the tenumal deflections, even at rest 
but especially after exertion 

There are patients ubo feel angina! pam even after the first 
moiitlifuLs of food In other words it does not depend upon the 
amount of food nor upon n full stomach ’ It is probable that 
vago vagal reflexes winch influence tlie coronarj arteries from the 
digestive tract (Dietnch and Scliwiegh) participate in causing the 



Fio lOCa and b The earae pat ent ae F«r lOo before and after ercrcJaa 
(full stooiach) 

poor blood supply to the heart The overload of the heart bj tiie 
work of digestion must then be added 

Even m tlieir first communications on the exercise test Cold 
hammer and Scherf made reference to the fact that occasionally 
climbing stairs alone need not produce electrocardiographic changes 
uhereas the same exertion after a meal may produce distinct altera 
tions 

A slightly accelerated sinm rhythm viith a normal conduction 
time of 0 15 second is present in Fig 197a Lead I shows a deep 
Q wave followed by a high R , in Leads If and III deep S waves 
exist The initial deflections are neither splintered nor widened 
In Lead I the S-T segment departs from the descending limb of the 
R teri/ shorllff before the R w ave lias relumed to the base line Tbc 
T wave m Lead I is positive In Lead 11 the terminal deflection is 
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normal m bliape in Lead III tlie S-T segment is. depressed sligbtU 
under the isoelectric line 

The combination of a tbstinct Q wa\e, a slighlK elciatcd 
take-off of the terminal tlcfiec 
tion m Lead I and the opjio 
sitel> directed tcrinmal defiec 
tion in Lead III is in 
faiour of an electrocardio 
gram of the QjTj tj pe 
Despite tlie fact that the 
alterations are not \er) pro 
nounced, one ma> presume the 
presence of an anterior nail 
mfarction which in that ca«e 
octualh existed 

It should not he forgotten 
that the presence of a Q wa\e 
without verj definite 
alterations of the terminal 
deflection in the same leid 
supports the diagnosis of a 
coronarj thrombosis In the 
absence of cluneal signs the 
diagnosis of coronarj tlironi 
bosis should not be made 
soleh on the basis of the elec 
trocardmgram, smee similar 
electrocardiograms hKo mav 
appear m other conditions 

In Fig 197h a high take off 
of the terminal deflection from 
the descending Jimb of the It 
again appears But m this 
tracing the alteration i? 
present in aJl leads and !*• 
mi^t marked in Lead H , 
in coronarj thrombosis tlici 
are found most distincth 
either in Lead I or Lead 

iij. - -- recorded m a joiing 

man suffenng from lobar pneumonia iiith clinical signs of 
pericarditis 
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t,™ to 0 22 of » Jf ,0 n second) tint thcj ut.l.7o 

re>cals that the 1' "aves I„ other words the pro 

about one half of the conduct bj a disturb mte of 

longotion of conduction tunc is measured from 

rb:;r:rorrrw„rao . .ncude, the conduction 

"“'^L“oUrte, of the cloctrocamiognin in Fig 107c are 

normal rr',™ i<)8 was 

The electrocardiogram of T S ^ j iteno^i'* Marked pul 

jearold female who f™':c^"\tacU 

monary stasis was present and severe 
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Tho right 

appeared upon anv '=7'‘'T"'i,”'',cft^aiir«s only shghtly 

hcL was not dilated and the lot 

^"'Te^lectrocardiograin shows We^ 

slight alteration in cardiac size . 

nerfectlv normal «, nre also characteristic o 

' Se Usually large P '«^«,:'T4ht and ividth " 

stenosis , they attain an imp j, flepresaed belo 

Lead II The P-B after dellcction of the P wa 

electric hue " "Sv'artliat the uLd li> the 

wth LTifnd particnlarlt " " 

" T of the P ’’ 
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Tlie dishirbince of conduction appeired m tins C 4 i.‘.e of inifnl 
stenosis with marked pulmonaTy stasis after small ilo^es of digitals 
and lias desirable since it led to a \eT^ ii<5eful chmmution in the 
cardiac rate and consequentlj to a longer diastole 

In Fig iqo a disturbance ofTh3rthTO ls present In anal^-zmg the 
normal (sinus) beats, it is 1101 ! to begin after a long \ entncular pau'-c 
(before the third B nave in l«ad I) 

Tlie P waves are normal in all leads Conduction time uhith is 
best measured in Lead H, amounts to 0 22 second Tlie initial 
deflection in Lead III reveals a deep Q wave It is 0 OD second m 
width and somewhat plump The S-T segment in I^ad I is shghtl_j 
depressed belou the isoelectric hne and is followed hj a \cr 5 low 
T wave 

One should recall the important rule of measuring tlic hocht of 



Fio 109 Signs of myocardial disease and % entncular extrasystolcs. 

the T -nave, not from the S-T segment, but rather from the 1 o 
electric hne (before the P wave of the following bent) 

In Lead II the T wave is absent, in Lead III a lugh take off of 
the terminal deflection from the descending limb of tJie R wa\ e 
passes over into a negative T wave 

The curve shows definite evidence of a mj ocanlial affection , 
the patient reported that four dajs preMOiisIj he hid sufferei! from 
an extremely severe pam winch listed for seieral Jiours , it was felt 
at the lower end of the sternum and radiated upward into the neck 
live presence of a recent coronarj thrombosis which was situated in 
the descending nmus of the nght coronary arten (posterior wall 
infarction) may be assumed 

MoreoNcr, ventricular extr^stolcs appcare<l after ever\ normal 
beat, at times after everj two normal beats, the} showed no 
variition in form According to the rules gi\ en in the chapter on the 
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locilization of CKtrasystoles they probably ongiiiatcd in the right 
ventricle near the apo\ 

The appearance of vcntriciilar extro'iystolos in a case of recent 
coronary occlu«»ion is always an undesirable complication jntients 
affected m this manner must he ivatclied carefully and treated with 
qmnidine The transition of multiple vcntncuhr cxtrasystoles into 
tachycardia is not rare, and the danger of ventricular fibrillation 
must be considered 

Fig 200 IS that of a patient who was under treatment for tabes 
m a neurological clinic One day pain of evcnicmting ‘•eienty 
suddenly dcvelojied in the cardiac region and persisted The patient 
Cline to the neurological clinic from which he was referred to the 
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200 Auricular fibnHfltion and the riectrocArdiogram of coronivry 
thrombosia in a pabent with luetio coronary steno^w 

hosfiital The history stated that for some time pam had occurred 
after phy-sical exertion 

The electrocardiogram revealed auricular fibnllation with very 
nvpid ventricular rate (170-180) A liigh take off of the S-T segment 
from the descending limb of the R wave may be seen in Lead I 
Alterations are also visible m an unusually clear manner in Leads 
Hand III where there is a low take off of the S-T from the ascending 
hmb of the S waves In conjunction with the history the electro 
cardiogram is in favour of coronary thrombosis 

Without any relief or improvement from therapy, tiic patient 
died a few hours later at necropsy it was found that both coronary 
arteries were giute normal and not occluded But there was a 
syphilitic aortitis with "such an cxtrtme narrowing of the ostium 
of the left coronary artery that it was Jtardly permeable to a sound 
of hair like diameter ” Since the ostium of tlie right coronary arttrv 
was also markedly narrowed one must aisume that even at rest only 
a very limited coronary perfusion was present With the appearance 
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of paroxjsmnl auricular Hbrillatiou and the as&ociated rapid rate of 
the ventricle the disproportion between the oxxgen need of tlie 
muscle and the oxj gen supply was so great that clinically and electro 
cardiographicallj the picture of an acute coronary occlusion was 
simulated 

A disturbance ofrhythm IS also present m Fig 201 ThoPwaves 
of the normal beats (sec Lead II)shon vaiynig forms (ultra auricuhr 



1*10 201 Signs of myocardial disease and \«ntnciilKreslrasystoln of 
\ar7ing appearance 

conduction disturbance) The auriculo xentncular conduction tune 
IS normal The initial deflections show a levocardiogram, an. 
0 09 second in width and appear plump The terminal deflections 
are directed opposite to the initial deflections , the S-T segments 



Fio 202 Above a diaturbenceorinlraxenlncularconcluetionmay boaooti 
the lower tracing shows a paroTjvmal (aunculo ventncular *) tacnycnrdin 


and T waves accordingly are depressed below the isoclQctnc line in 
I/cads I and IT, while they are above the base line in Lead III 
Moreover, ventncular extrasjstoles are present and in part are 
multiple Thus one notes in LeVd I three extrasystoles follow soon 
after the second normal heat Tlie extrasv stoics show vary mg form 
Since the jiatient was not receiving digitalis a myocardnl injurv 
mu-st be assumed on tlie basis of the appearance of the extrasv stoles 
Fig 202 shows m the upper senes normal smtis rhythm vntb 
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norm vl umdimtio" dm j „al deflections nro normal in form 
«lo, qilit am' r''™r ^ ‘f'”trayci.trieuhr conduction is prOBCiit 

Accordingls , a be seen vilioso into to 

In the loivor series a regular taoby^^^ J p „ at es arc 

bo sure, amoxmts to onjy - ripflecttons sliow the same form 
'“ot tisiiile the initial sinus ihvthm 

111 all details as the ' „t „,s,„g from abote the 

In other iiords, a „„n^Llo vcntnciihr system tliat is 

:r:,,:'^^Srorh«mneo"fX The«ttac.,lastedfroinsoii.e 

minutes up to an hour 
and iisiinllj appeared after 
plijBicalescrtion 

llg 20 J it as obtained 
from a patient ttliQ one 
iiwiith before the electro 
eanliogram it as taUoii had 
iiotctl sot ore pain behind 
the sterniiin lasting for 
sm hours In the folloti mg 
feu lints the typical clmieal 
8ign^ which are u-juallj 
encountered in a case o 
coroniiry thrombosis ^re^e 
notetl 

In rig 20 J a smus 
rhythm is interrupted b> 
numerous extrasj stoles 

lhc^wa^es are normal the 
condiietion time amounts to teats m Uad l 

0 16 second The initial second wide and P hmil^ 

"cre ml" i: I- 

present In ‘"e lou ^ ,„„n,led during 

reVlTimrimlmal tenti.culat tael^oard.a 

lltmiilar' fibrillation .» P--^ Jl^lthe'auncle to the t cntncle 
complexes ofsomestimnh conducted. 
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sliow a lc\ocardio{rram and sliglitlj depressed fe-T stpinpids m 
Lends I and ir The T wanes arc nen lo« In adilition nlmorrua! 
\entriculor complexes appear (the last three m Lead I, the prrond 
in Lead II and the first m Lead III) In all respects these resemble 
the picture of block of the right buntlle branch as siiown m Iig 
and Fig 30 These beats came quite irfcgulnrlj and ncoonlmgU 
were conducted bents and do not represent cxtrasj-stole* 

For this reason a partial intranontncular block such ns slmnn in 
Fig 31 and Fig 32 seems to be present Since one would hardly 
assume tliat yienodvcailj the conduction swmltavtOH»hf failed m 
pcienl branches of the conduction svstcin this tracing mupt Iw 



regarded as proof that the tracings described bt tVilson aa rtpre 
sentmg the picture of a block of the right bundle hmnch nctuallv 
deielop from a disturbance of conduction m one conduction path 
In Fig 20) after the first and second nonunl beats twoaunciihr 
extms\ stoics appear and after the third normal beat four extra 
sx stoles arc noterl The negatixe P waxe of the extrasinfole i'< seen 
distinctly at the end of the preceding T ware 

The first extrasystolc of a group is olwa\s conducted i-bwb 
(prolonged P-R interval) as n eU as aberrantly (abnomnl x entncuhr 
complex) to the xcntricle This ls sinking Itccausc the first xen 
tncular complex, of a group of evtrisvstolcs ilocs not a[>['ear more 
prematurely than the siil4equent ones which ore fonductwl nor 
mally Tims one secs that the stimulus of the first auncuhr extra 
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„,tole conducted nl.namnllj ... the vcntn* F 

sw — ' ' 

runmtorextrnsi-stole reaches the tentacle even | 

The to?“mcnlar extrasjstole (the first negjt ' 
t.e Ptvnve) maj i 

than the subsequent the site of 

Itself or the conduction sjstem below the s 

h,furcat.on of the h.mdle, 

reveals, .s not reached abnormally earty J 

first auncular extrasj stole j, j 

The part.enlarl5 poor cond..ct.on of^ tae 

evtrasj stole n. only one example o ^ 

,f several conductions tollon ^ ^ f,„a, 

long cardiac pai^e, the ^Ube mincnlo 

an especiaUy unfavourable condrtmn ol tn 

^u Itarrirh., u^r^adpe con 

''■‘‘rrerr""s:e^ 

that the first ^ '‘thSore aceom,.anied 

especially powerful and follow mg 

h/ a longer refractory per^^ ,oo ‘„„favo.uahle 
heat arrives very ® % sSisequcnt heats 

conditions of conduction longer cardiac 

which follow one another a . refractory 

pause are weaUer and *’*Fr,od so that now the 
phase, a shorter recovery I ' , better even if 
’conditions for condnct.on are much 
many heats (for o^n'P'®’ ‘ r„xysn.al tacliycariha 

This law explains ''by “ .achxlOTdiaso frequently 

the first extrasystole of the tachy ^ro^^l^^^ 

exhibits a different form f Wenekehach 

accounts for the fact that ^naUy m a 
period the second j,el one than the thud 

longed in comparison 

conduction compared to certainly 

The electrocardiogram oi x B - j jj 

abnormal The S-T segment, m Leads l 



n„.y,tol.. with ..™v™.r.r„..r .a 1 ...Wvc.lraul.r 1 Oi.rb.a™ of owl, 
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below lliei'»nclcctnc lincniul tlie’I wn\cs jn tin ^rttne IcmU 
arc >crj. low Tlic tnwmg w that of n fift\ tlia-c \cir(ill woman 
who two \ear« before In<l jKiviCd the nieiioinii^e Severe lin'ihf', 
and palpitation ns well as cardiac jiain which tormented the iwtiinf 
cxcccdingh were present tHie blood pres.surt was 1(1 

The abnormal electron mliogram in eonibinatinn with tiu jun 
in the cardiac region made the avtumption of an orj^anic cinJmr 
disease (eoronari sclerosis) seem hkeU Hut rcctiit c\i)cnencc» ln\e 
mdioated tlmt the«e clcctroeardiograms are frequeiith peon m 
women with ovnrnn in'jufiiciencx and that adequate treatment with 
follicular hormone not onI> nliohshes the s^ mptoms but aki jx rinits 
the electrocardiogram to return to normal Ihese eltctroairilm 
prams are found in the natural and artificial intnoiuiise and m 
\oung women with inixi 



coiuhtion is due to u ihs 
turliance of ]>erfii6» n of the 
m>ocnnhum laiised hv a 
<li.sturl»ame m emlomfie 



balance and indttceil pre 
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thvToid and ailrtnals) One 
must avoid confiKion wath 


the almomml eleclrocardiogmms of mvocaalitia oomnarv sclercxsi* 
resiilt of digitalis Iherapv etc which are similar in npiieamnio 
I ig 207 was obtained from a girl ten vears old who reixirtetl 
having been well until ooo jear prior to examination she had an 
attack of whooping cough Smet then attacks eif inlpitntion had 
otcurred thev nppcarc<l suddenly and ended just as idnipth 
after listing from minutes tv> bnwTw Since vvwwv. ticvwt wttaeka hul 
l>ceii more prolonged apd nianirct>tnlions of coiipcstivi failure 
developed metlical aid wa** sought 

Fig 207 shows the three leads during one of the attacks wlmli 
as mav rendil) lie jiereeived from the large jKx^itive P waves vretc 
<-auscd hv an auricular tachveardm with a rate of JOO beat* \*r 
minute Ihe nimciilar licats were followcil b> two kimb of 
vcntnciiJar etintmctions (J) initial deflections nl normal in shvi'c 
wide ami sphntercil which nppeared nfter a wimhwtwm tune if 
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0 l)s-0 10 8ctojul , (2) ventricular comiilcws whicJi «ero ctitii-eJy 
normal in shape onrl appeared after a lomliiction tmio pmlongfHl to 
0 24 second But, as should bo stated immediately, tins prolongation 
\\as the result of digitalis therapy and \%as never seen a hen digit \hs 
had not been given. The remaining tracings uere not inodifietl b> 
the emploj'ment of digitalis , only the T-vnive became depressed 
lielou the isoelectric Ime The two types of beats were repeatecllv 
recorded interchangeably in tbe intervals between attacks, for 
minutes or hours, during slow sinus rliythni, a normal electro 
cardiogram or abnormal ventricular beats appeared, the latter after 
a shortened conduction time All ventricular beats were produced 



];iC 207 Cuniile of K«nt (t) will) Wenckebach periods 

by stiniuh conducted from tlie aiincjcs In other words, on obnorniaJ 
auriculo-ventncizlar connection, as was described on p 325 (Kent’s 
bundle *), was present 

In Fig 207 normally conducted beats are e\ident at the begin 
ning of Lead I and at the end of Lead II In Lend III only normally 
conducted beats are present TJie liisturbance in tbe second section 
of Lead III is an artefact. 

Conduction between tlie auricle and the ventricle is disturbed. 
After a senes of normally conducted beats, a 2 1 or 3 2 block 
recura repeatedly. 

The tracing of Fig 207 is of interest for several reasons A 
paroxysmal tachycardia is jireaent and rfienny the tachycardia both 
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forms of conduction niipenrtd Tins finding is dectsuily nguiist 
de Boers theorj of the ongin of imoxysiinl tachjcardia by the 
circulation of an excitation wave between the anncle and the 
%entncle along the bundles of His and of Kent (p 3’>) Morcoier 
in Fig 207 it may lie noted (Lead II) that during the failure of 
conduction in one path, the other pathway' maj be empJo\od Of 
extreme mterest is the appearance of a prolongation of tlie niinciilo 
^entrlcula^ conduction time in the second conducted abnormal 
beat of the two 3 2 block groups in I^ad II In oilier vvnis a 
Irene/ ebnch pmod caw qUo appear m Hit abnormal path The 
second stiniidus requires approximately 0 15 second longer for 
conduction than does the first 

We believe that this observation proves that the abnormal beats 
aotualU are conducted normal sinus stimuli , this is agnuHt 
numerous other suggestions put forward to explam this ibsturbance 

In the preceding discussion the term “ bundle of Kent " has been 
employ ed to designate electrocardiograms presenting certain fcatuitN 
However it slioulcl be emphasitevl that this is merely an cxjireswon 
of convenience , there is no cxpenmentnl or clinical cndence that 
the nght lateral bundle is actually orcxclusiveK rcsjionsiblo for the 
disturbance It is quite possible that some other, ns yet unknoan, 
pathw ay is employ e<l 
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Coronary sclerosis. Rrhomatian block. 89 
auricular fibrillation. 21", 218, 226 
245 

bimcile branch block, 64, 66. 61 
conduction disturbances, 287 
time, 294 
defibriUation, 220 
diabctea, 113 
di^talis, 224 
exercise, 9C, 147 
extraaj stolen, 176, 200 
hypertension. 110 
imtial deflection, R7, 06. 100 
insulin, 114 

paroxysmal \ entricular tachycardia, 
200 

Q,. 80, 82. 84 
It wa\e, 157 

respiratory arrlij'thinia, 70, 72 
8-T BCRment, 06, 90, 167 
email deflections, 81 
tachycardia, 138. 224 
terminal deflection, 76. 97, 89 
sentneular fibrillation, 210 
Btcnoeis, 129, 138, 140 
thrombosis, 82, 123 
Adams Stokes 300 
anginal pain. 261 
bundle bran«.h block. 61 
clicat leads, 160 
oxereue, 140 
extrasyatoles, 200, 202 
injury, 134- 
eiumidine, 302 
re^iratoiy arrhythmia, 30 
S-T segment, 05, 07 
small deflection, 47, 8S 
systole, 110 
T wato, 00, 100, 125 
tachycardia, 130, 140 
venfnciilar tachycardia, 2S0 
Wil'^on block, 60, 61 
Cough. 198 

Coupling 106. 180, 101, 263. 315, 322 
Cretwjisw, IJl 
Cntical rate. 200 
Cycle, cardiac, 6, 110 


Deactivation, 14, 61 
Decompensation, 164 
eJcctrDcardjograjn, 17 
sinus arrlij'thmia, 30 
small defluctions, 46 
DefibrillatJon. 225, 220 
Deflections, 2 
large, 17, 57. 112 
oppositely directeil, 51, 57. 73, 95 
smaU. 41, 67. 8S, 00, 04, 112. 150 
Deformation ol tracings. 6, 24 
Delayed conduetwn. 277 
Delirium Mrdw, 212 
Dextrocardia, 14, 3S, 128 


Dextrocardiogram, 4R, 52, 64. 77, 213 
aortic le«ions, 71 
Lead I. 42, 210 
mitral {eaions, 58 73, 251 
DextropoHitio cordi-J 39 
Diabetec, 81, 113 
Diaphragm, 38 
ar» dercaCfon, 3S 
ranitac position, 04 
dextrocardiogram, 69 
electrocardiogram, 38 
eserciae, 142 
extraaystoles, 201 
Lead I and lotr. 42 
lit and high, 42 
Jei ocardipgram DD 
pregnancy, 128 

Q., hO 

T wave. 2> 23. 38. 94. 96 
Dicitalia. 101, 177, 203 223 258, 

333 

auricular fibrillation, 203 227 
flutter, 271 
A-V rhythm 315 
bigemmy, 177 
carotid sinus, 26t> 
chest lead, 157, 160 
conduction, 02, 252, 283, 204 
«lropi>e<l beats. 252 
ertfssyetojes. 177, 198, 218. 225. 233, 
249. 252, 2«3 
m p«rox>i.m9, 263 
heart block, 285 
bypertbyroidism, J 12, 223 
paradoxical effects, 300 
paroxysmal fibrillation, 257 
flutter, 259 
tachycardia, 268 
HUlua block, 297 

lachycanha, 247, 25S 
aystoJe. Ill 
taeliycanlio 250 

terminal deflection, 03. 95, lOI, 21S 
llierapy, 203 

lanform extrasystoles, 177, 249 
ventricular complcxcH. 260 
Uenctebach pcrioil, 2W, 291 
Dilatation. 71. 72. 94, 177 
Diphtheria, arliorisation Mock, 90 
bunille l^anch block, 62 
eonduetton, 286. 294 
extrasystolcs. 176, 200 
initial deflection, 47, 97 
paroxjrsmal ventricular tachycardia. 
260 
Q,. 83 

nnaK deflections, 47 
tenniniil deflections, 99, 120 
variform extraajstolos, 176 
Winckebach period, 287 
Dropped beats 194, 252, 26% 278, 290, 
297 

heart. 42. 108, 210 
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Eintho^en equation, 27, 42 
tmnpic. 2ij 

Elfotricftl altcrnauff, 17 
aTi-i, 27, CS 
sjstole, lOS 
Eleotrocartliopram, 1 
aberrant conduction, 2t'l 
Adanw Stokes, 302 
adhe,i\c pencardjfw, 41 
adrenals, 112 
analjsbt, 20 

anarcliie \entriculairc, 230 
ancma pcetons, 141 
anfenor nail injarction, 127 
arborization block, (ID 
artefacts, 24 

atrio\entncu)ar beato, 250 
extrasy^toles 318 
rliytbm, 311 
tacbjcardm, 310 
auricular. 10, 150 

bipemjn\. 183. 188 245. »52 
extras} stoles, 183 
fihnllAtion. 200, 211, 215 
flutter, 205, 245 
tachycardia 221, 240,250 
aMtaininosis, 110 
Axw deytation. 04. 70 
beniwri, 110 
bundle branch block, 47 
bundle of Kent. 325 
cardiac injtiriee, 133 
position, 2. 13, 37, 35 
cheat leads, 130 
clirnnctenum 114 

•comfKttlion between two centres,' 
317 

complete heart block 282 
(or pulmonale, 137, 235 
coronary stenoHia. 40, 143 
thromlwsis. 124 
cretinism. Ill 
ilpcompen^tion. 40 
(tcxtrocanlia, 14 38 
duntalw 102. 177 
dilatation, 72 

dropped b-’ot-, 232. 26S, 278. "OO, 29T 
heart. 42 104. 210 
cs^apcfl licats, 27.5 
exercise. 140. 142 

cxtrasYstoics. 104 112, 105, 2Vi 
in jMiroxj'sms, 262 
general rirnarks. 1 
iienrt block, 207, 212 274 
h>dropericardiujn. 43, 40 
hjperpnrothvroidism. 111, 113 
h)p«nensiOM 53, 74 77 
liyportlijitiidism, 112 
li>pertTOph>. 72 
hypogI}c»nua. 113 
impure flutter. 210 
mterferoiicP dissociation, 314 
intermittent bundle branch block, 63 


electrocardiogram, IcYOcartbojrram. 48, 

mediastino pericarrlitis, 3D 
(njocardial disease, 47, 07, 333 
>a}ocarditis, 87. Ils 
mixnslema, 44 

77 . ion 

normal a-ariants. 20 
paro-s} stole, 321 

paroxjumal auricular Cbnllation, 215 
flutter, 245 
(achjeanliA. 250 
xcntncular taelijcanha, 2<5 250 
pattiaV bvuYdte Inantb lAocV, kt 
lieart block. 2s(i 
pencanlial effiiNion. 43 
iv ricaixlitis, 131 
pulmonaiy em^lisin, 135 
emphYKemn, 2'15 
respimtion, efleets of, 37, 55 
I rtapirator) arrliYtlimiA, 30 
aino aunciiliir block. 257 
emus arrhytlimia, 30 
bnuhriirdia. 04 
lach>canlia, 242, 244 
tachjcanlia, IS*, 242, 213 
Ycntnculor, 13. 18 
extras) stole, 150,232. 258 
flbnllalion, 218 
flutter, 215 

Wenckeliach period, 278 
IVilson Ijiv* block. 58 
Electroconbograph, .5, 14 
Lleelrode, 3, 1 50 
mterrliange. 3* 
jelly. 5 

Electrogram, I 
etnas nwle, 10 
Electrometer, 3 
Fmbohsin. 134, 220 
Kmlocurditis, 100 

liiiiMile branch block, 52 
ftetal. 12 

Endxrine glantis. Ill 
ErvtCToptosis. 4* 

Fphodnne. JOH 
I pil< l»o» 239, 304 
Epinepnnnc, 108, 233 
Adams Stokes. 305 
paroxismal tachjenrdm. 2i'J 
wnxn tartiyTTHTdia, 24i 
E»r«pesl beats, 272. 274 
Ehtrogeme liorroone, 113 
Exemse, 140, 331 
auncuiar flhrillation, 218. 221, 231 
Inmdie branch bio k. 51 
coronary stenosis, 05, HO 
pxtrasjstolcs. lOb 107 
flutter. 221. 231, dlS 
iieert bJoek, 2x1, 241, 293 
high takc^ofr. 12!) _ ^ 

intr«Y*enlricuLir rondiKtion, *0 3-' 
partial lieart block, 200 
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Exercise, pathological. 142 
respiratory stThythmia, 30 
smiw tachycardia. Sit. 242, 241, 2^4, 
257 

S-Tintenal. 1C, 22, 23, 145 
T.wa^e. 00. 145 
Ta «ave, 22 
(aehjcartJia, 13 
U'wave, 15 
Exit blockade, 324 
ErtrasysrtolM, 108, 112. 218, 287 
auricular, 183 
fifariHation, 136 
atrioventricular, 317 
climcal aapeetfl, 195 
digitalis, 177, 283 
hyperthyrcudiam 112 
in parOTysnw, 202, 2CS 
iiiterpolatBrt, 173 
introduction, 105 
multiple, 170, 19G, 210 
origin, lOO 
Irentment, 200 
vanform, 178, 240. 250. 202 
ventricular, 107, 232 

P-wav«s, 200 

yamtinR, lOD. 222. 223. 301. 30* 

Pev er, 242 

Fibnliation, 200, 334 
Flutter, 207, 334 
impure, 200, 210 
ongin of, 233 

Fcttal electrocanliogram, 47 
cadoearUitw, 12 
FruvtraneeoRtMctien, 105, 521 
Functional tent. 149 

CaUop rbylbm, 137, 107, 237 
bimdle branch tiloek, 02 
Oakanometer, 2 3, 24, 25 
double string, 27 
Oumina, 2S0, 205 

Half rhythm, 208 
Heart block, 207, 212, 274 27S 
auricular fibrillation, 212, 213 
complete, 282 
congenital, 11, 286 
tlroppctl beats, 27S 
escaped boats, 274 
partial, 276 
Ta wave, 22 
tVcnckebach period, 278 
JfcaC, effect of, U3, 204 
JlellebonLs, 105, 180 
Hepatic coma, 110 
HerefJitary bradycardia, 288 
Heterogenetic etimulua, lUO 
-ITctcrotypie stimulus. 190,305 
High take off. 1)5, 124, 130. 131. 136 
Homogenetic stimulus. 11)0 
Honiotypic gtiiiiulus, lOU 


Hnnger mdenia, 288 
Hydropeneardiuni, 43. 4fi 
Hyper^rethyroidi«m, 111, 113 
Hypertenewn, 63, 74. 77 
angina pectoris, 141 
bundle branch block, 54, 62 
extresystolc, 198 
heart block. 203 
liypoKiv ananutn. 114 
levocaniiogram, 08 
Q(, 80, 8! 

R.wave, 157 
ayatofe, liCf 
Ta wave, 92 

terminal deflection, 75, 77 
Hyperthifoidinm. 112 

auneular fibrillation, 217, 222, 227 

doTibnllation, 220 

digitalis, 223 

ovary, 114 

S-T segment 23 

emus tachjcardia 2J2 244 237 

sudden denlh 222 

T wave, 03 

trwnor, 26 

Hypertrophy, 04, 72, OS, 211 2<lli 
chest lewt 157 
digitalis, 177 
Qt. 7t» 

fight heart, 72 
Lead I, 42 
Q, 70 

Tiraie. 04. J0.\ 213 
Hypocalc cmio, J 10 
Hypogljcft'inia 113 
Hypoparathyroidism, 112 
Hypothyroidism. 23, 2G, 44 


Idioventricular beats, 171, 317 
ifoipuro flutter, 206, 210 
Influenza, 288 

initial ileflection, 13, 84, 09 333 
aberrant conduction. ‘231 
adheaiv D pericanlitci, 41 
ariiorisation block, 60 
auricular extrasyatoles 180 
fibrillation, 214, 215, 2(5 
hucidlo branch block, 00. 67 
coronary thrombosis, 128 
developrnent, 13 
dextrocardiogram, 33 
digitalis, 102 
elevated diaphragm, 38 
hypertrophy, 73 
hypoplyewmia, 113 
mitmt stenosis. 210 
myocanhal disease, 47, 5ij 
myximleina. 44 
normal vanast<v 21. 23 

notching, K5 

paroxysmal auneulur tnchycunlia, 
2Sl 
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Initial ikflw tion jiaroxTSiral vcntnctiUr 
lacli\<-ar<lia, 247 
p<Ticanlial cfTuMion, 43 
nspiratioii, 37 
pplinttmnc, 84, 333 
Urminal deflection, flt 
unusual nglit Lundle branch bkx-k. 
53 

ventricular extraa^’stoK 170 
flutter, 21 S 
wulcning. 64 
width, 16, S3. 50, 85 
Injury, 133 

Innominate wave, 14, 83 ' 

In5iilin. 113 

Interauricular block, 206 
bundle, 0 237 
Interference, 314 
dissociation 314 

Intennittenl bundle branch block, C3 
Interpolated cxtraa^stole, 173 
Intra auricular block, 205 
romlaction. 10 181, 235 
thrombosis, 226 

Intraventricular conduction, 84, SSI 
alternating t«ch)cardia, 264 
bundle brooch block, 47, 5S 
etectneal altcmana, 17 
gallon rhythm, 62 
aigniilcancc, 70 
terminal deflection, 73 
wavM, 14 

Iodine therapy, 257 
Ipecac, 260 

Isoelectric line, 1, 2, 0, 13, 14. 23. (5<« 
idi>o S-T segment ) 

Jaundice, 248 

Jiinctionat fibres, 8, 10, 12, 16S, 272 

Leads, 0 
chest, no 

indirect, 2 
nomenclature, 7 
n, 154. J55 
subcutaiieoua, 45 
I^eft bundle branch block, .71 
Lcvocardiogram, 48, 64. (54 
aortic lesiona. 08 
Low take off. 124 
voltage. 43 

M*forni, 80, 159 
Magnesium sulphate, 260 
3Iaratbon runners, 143 
3Ie<lia*tiniti4. 39 
Menopftu.se, 114 
Mcnstnintion. 199. 200 
31ctoon<m. 20l, 333 



Mitral Bfentww. chert IcmI. 13'* 
defilinlbitioii. "2H, 237 
ilcxtrocardiogram, 66. O'*, 7j. 216 

digiUh*, 2'8 
extra*} iitolc, 202 
fainting, 222 
initial dcflcetiun. 210 
Inlra auricular ciindiictwn. 13 10 
279 

Ultra ventm uUr conduct km, 71 
Wvocanliogram, 71 
P-wave, 73, Isy. 240, 2')6 
progwH*i\e. 213 
ipHRidine, 2U2, 226, 227 
respiratory arrhitluiiia. 30 
S-T segnieni, "5, 77, 217 
amnll ileleclion. 42 
sudden dentil 222 
Mobitz ilropped beat. 291 
ilonophasic electrocardiogram, ISt, JJ'l, 
130. 133 
Sforpiune, 93 

Multiple estrasyntol"*. 176, 182 
Myocardial decenemtmn, 92, 97, 09 
dwca.se. 97. 08, lOI. 371 
•fborixatmii block, 8'), 01 
auricular cztravyvtolea, 189 
flbnllation. 217, S34 
bundle branch block, 51. 01, 02 
chest I'Vbl*. 159 
droppe*! l/cnU, 287 
gallop rli} thm. 02 
heart block, 294 

initial deflection, 47, 56. 84. 83, 87 

Qj. S), 84 

oniHidme, 326 

It wave, 183 

S-T segment, 06 

emus tachycarvlia. 257 

amall deflection, 47 

T.vrave, 94. lUI 

(•cbycantiA, S<i0 

vonform extras} Htoln*, I78,S27,C19 
flbnMi.4. 88 
necroAW. 104 * 

3t}Ocarditia 07, 172 
arbonsation block, 89 
aiineular fllirillntinn. 217 
bundle l<ranch block. C) 
exem-ie, 148 
extrasystolc, 1711 
OVAI}*, 116 

paroxysmal ventricular tachycnf>l,a, 
200 

pemarditw, 137 
rlieumatfc, 294 
syatole. 111 

tcrminAl ilcfVctinn. 01, 96, 9S 1,A 

148 

tuberculous, 70 
3tvoRialacia. Mh, 09. 17<«, 2»f> 
Stynn^lema. 88, 04 
email deflcctraa-*. 44 
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Needle electrodes, 46, ]C0 
Negativnty, 1. 2 
Nophriti-a, 77, 100 
NicotHio, lO'i 

Nitroglycerin, 140, 141. 147. 141^ 216 
Nodal rhythm, 313 
Nomenclature, axis Jeiiation, 71 
hunille branch block, 64 
ch<wt leads, 154, 1S5 
leads, <1 
wates, 14 


0-Hne, (See laoetcctrio Ime ) 
Ocular pre^aure, 266, 304 
O’ dema 94 
small deflections, 46 
Otiabsm, 266 
Otary, 1J4 


P'Viave, 10 
abnormal, 295 

Atriotentncular rhythm, 311 
auricular ettrMyatote. 163, 245, 279 
fibrillation, 245 
chest leads. ISl, S02 
coronary thrombosis, 125 
(leretopment, 10 
(laxtrocardiogram, 38 
digitalis, 102 
elevated dispUragm, 38 
prerrise, 142 

intrft auncular conduction 279, 295 
mitral stenosis, 73, 189. 249 
jQVXcedema, 44 
ncyatne. 80 

nonnal \anant8, 21, 22. 23 
paroTyemal auricular tachycardia, 
250. 252 

ventricular tachycardia, 247 
pericardial effusion, 43 
resp^tion, 37 
sinus tachycardia. 244 
split, 73 

variform, 235, 261, 297 
ventricular extrasystole, 171, 173, 181 
P“<3 distance, 22, 277 [See Conduction 
tune > 

racemaker, S, 30, 314 
Palpitation, 244 
Pancreas. 113 
Papavenne, 137, 149, 295 
Pararrhjtlmiia, 321 
Parasystole, 180. 321 
Parathyroids, 112 

PajOTjsmal auricular fibnllation, 138, 
245, 25« 

tachycardia, 24C, 250, 253, 258 
fibrillation. 245 
flutter, 245, 258 

tachycardia, 138, 243, 250, 258, 334 
cause, 263 


Parovrysuial tacJiycnrdio pain, 264 
treatment. 201 
ventricular fibrillation, 247 
bicliycanlia, 246, 258 
Partial bundle branch block. 62, 89 
lieart block, 270, 200 
Pause, comi»ensatory, 168 
Pendant heart, 42 
Penarlentis nodosa, 100 
Pericardial effusion. 43. 46 88 94 
Pecicardititf. 39, 95 129 130 
PenodiB dropped beats. 164 252, 208, 
278. 2fl0 

Pcmiciou-s an cmia, 273 
Ph«iobarbitol, 138 
Physostigmme 269 
Pneiunania lOU 

aoricufar fihrif/ation, 217 218, 22/ 
myocardial injury, 120 
pencardiCis 133 
b-T segment 99 
PolarizAlion 5. 7 24 2J4 

Polytopic extrosyetoles, 17i> 

Position, effects of, 37 So 60 
amplitude of navo* ><4 
axis deviation, 60 
initial deflection, 147 
lateral. 39 56 
email deflection. 58 
T wave, 04 
tachycardia, 243 254 
Posture, e/Tects of, 105 
rotaaaium. 233 
Pro automatic pause, 301 
Pregnancy, 68, 128, 2G0 
Q.. 80 

Preponderance, C8 
Prognosis, 101, lt9 
Protectiie block, 327 
Pseudobradyeardia, 1»5 
Pulmo coronary reflex. 137 
l^itownary ertihalium, 9S, J2'), 154 
emphysema, 77, 154. 206 
Pulso deficit, 221 
Pulsus altemaas, 105 
Purkinjo fibres, 12, J6S 
Pylonc atenoais. 110 


t}-wave, 13. 128 
dieat lead. 151 
dextrocardia, 39 
norroal. 13 
vonants, 23 
Q,. 79. 125. 334. 735 

coronary thrombosw, 127, 128 

diaphragm, 38, 128 

left bundle branch block, 32 

preRnxn^y. ^28 

pulmonary embolism, 137 
apecial right bundle branch blc>ck, 58. 
69 

QRS complex (.See Initial deflection ) 
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Q-TciisJanee. 23, 108, M2 
Quini‘{ine, 220 
ouncular fibrillation. 227 
flutter. 232 
coivlramtlications 220 
coronary thromboHia, 202 
eztrasyatoles, 202 
m paroxysms, 203 
parcrxjsmal fibnllation, 23S 
flutter, 25S 
tflchjeardia, 250, 267 
sinus tachycardia, 257 
terminal deflection. B3 
tachycardia, 250 
ventricular fibrillation, 235 
Qiimine, '13, 202 
Adams Stokes, 304 
auncular fibrillation, 225 
automatism, 301 
paroxysmal tachycardia, 207 


R-iaave, 13, 23 
bundle of Kent, 330 
chest lead 151, 163, 157 
coronary thrombosis, 133 
dextrocardia 39 
dextrocardiograni. 62 <>0 
lateral position. 40. 50 
levocanliogram 49, 00 
reapiration, 37 

special right bundle branch block. 
53 

unusual npht bundle branch Mock, 
65 

Rate, critical, 2l)0 
determination of. 6 
Re-entrant beats. 103 
Refractory penotl. 223 
Respiration, effect* of. 37, 07 
auricular fibrillation, 218 
bundle branch block, 56 


1, u-» 

Respiratory arrhythmia, 30, 17, l08, 
220. 274 

ventricular extrasyelole, 108, 174 
Rest currenU. 5 
Restlessness, 25 
Retardation 72 

lletTogTode conduction, 107, 247 
Rheumatic fever. 00, 276, 2‘J4, 333 
bundle branch block, 02 
conduction, 2sC, 294 
pain, 132 
g,. 83 

tenmnal deflection, 08. lOd 
Right bundle branch block. 48 
special form. SH 
unasual type. 55 
Rotation of heart, 38, 40. 50 
axis deviation, 6b, 68 
Qj. 80 


50 

s wave. 13. 23 
bundle branch block. Cl 
dextrocardia 39 
dexlrocajxliOKram, 52 
hyperlrophi , 69 
lateral position, 40 
Icvocaniiogram. 49 
polanzation, 24 

special rtgbt bundle branch block 58 
unusual ngJit bitmlle branch block. 55 
S-T«ogniont. 14, 92. 97. 101, 373 
almormal, 92. D5, 117 
anpna pectoris, 141 
arborization block, 01 
avitaminosis 116 
bundle branch block. 51 
cardiac injury, 133 
ehobt lead, 151 
coronary stenosis, 145 
thtoml«*is. 123 
digitalis, 102, 218 
excTCvse, 145. 147 
hypertrophy, 73 
liypoglycamm, MS 
length, J6 05 
location. 23, 95, 98 
myoeardiAt disease, 66, 57, 253 
uormal, 14, 23 
oppositely directed, 73 
ovarv, n4 
penrarditis, 131 
plateau type, 126 
poUnzatton, 25 
pulreonao embolism. 17i> 

aitting. 105 
standins, 106 
tasbycanha, 138, 253 
tyjics, 95 
Salicylates. 2*«3 
iHslimcntAtion rate, 105 
Senile tremor, 26 
Scmitivity, normal, 4 
.*loptum membranacpiim 11,2^6 
Sbifting pacemaker, 314 
Silver electrodes, 150 
bino auricular conduction 10, 217, 273, 
296 

Smua arrhythmia, 30, 32 
block, 2J7 
bnulycanha, 64 
nerve, 264 
node, 17. 32. 217 
anatomy , 8 
blood supph, 17 
Incliycardia, 229, 212, 237 231 
treatment, 257 

bittmjf, effects of, 105. 251. 37J 
Situa imerkus, 3'* 

SVm, condition of. 74 
preparation of, ,5 
Slurring, normal. 23 21 373 
bimdlo brnri' b block. 5i) 
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Shirrinp. mtraventnculnr rondurtton, 
84 

Smnll tjons, 'll, 88 
at! Imrls. 43 
Lc-ml nr. 212 
one lead, 42 
Smoking. 101. 108 
Spasniophilin 113 

Spocifio ti'-iue, anatomy of, 7, 62, 273 
blofxl aiipplj, 17, 273 
function. 13 
mnenatiQii. 10 
Squill 105. 180. 203 
Standanlizntion, 4. 23 
Standmg, cfTeetHof, lOi, 333 
Stumiliia formation, 104 
condiietron, 164 
law of innintenaneo, 108 
Stokes tdanis syndrome, 233 
String. 3 4 

Strophanllnn 107, 130, 170. 180. 233 
Ad«m4 Stokes. 304 
poroxjsnial rdirillatiori, 238 
flutter 25S 
tncliyeanlia, 208 
Str) ehnioo, 203 
Sudden death, 222 
Suminutiun, 2S, 322 
beats, 317 

biipcrimposition, 250, 202, 288, 313 
Stmpathettc tonua, 93, 112. 142, 220, 
280, 200 
TwtiMM, 03 

Syphilis lOO, 143, 134. 333 


T-wave, 14, 02. 07 
abnormal, 02 05, 07 
adhenU e penearditM 41 
arigina pectori*. 141 
arhoruAtion block, 01 
aMtuminosi-< lid 

auricular extras) stole, 186 

fibrillation, 214, 216, 245 
bifid 2J. 83, 90, 132, 162. *37 
bundle branch block, 61, 57 
£1101.1 lead. 151, 162 
coronary, 123 
stenosis 143 
thrombosis I2fl 
co\e«hapc<l. 125 
defonniHl, 3, 25 
ile'itroeanliORram, 38 


diapbrugm, 22, 5 
digitalis, l('2 


diphasic, 26 83, 06, 08, 102 
duration. Id 

cte^atCTl d/rtpbrapm, PH, 1 -h 
exerct-e, 142. 143. 147 

hyperthyroidism, 112 

hyiwrtrophv, 73 
hypocnlcaniia, iH 
liyjroglycicmia, 113 


T-wa^c. mvocartlnd dwiwc, 67, 110, 331 
myocarditis, OS 
myxadema, 44 
normal, J4, 22. 37 
variants, 22, 23 
ovary. lU 

pcncnnluil enriiaion, 43 
pericarditis 131 
pulamatton, 6 
{irepnancj, 128 
pulmonary eml>oh»in, 136 
ivduphcatod, fl'l 
m^lwtion. 27. 07 
aitting, 1D3 
ataiuling, 103 
tAtliycaniiu, 138 
types, 03 
W ilson block, hi 
T« wave 22, 186 
excrciac, 142 
Tachycaniia, 138. 212 
Ailains Stokes, 3W) 
atrioventricular, 317 
ciiiistf of fwroxj "inn), 203 
r|a<iHi(iint]on. 212. 214 
clmieul aspecN. 2.38 
ilropficd Im'IiIi* 291 
cWlrocanliogmm, 213. 246 
extraayetolea in puruxyHins 262 
hy|icrtiiyn)idi-in, 112 
liypoovarmnism, 114 
pom. 130, 261 

fMcoxyaninl auncidiir, SlO. 206 
fibnllntinn, 243 
flutter. 243 
ventricular, 246 
<)Uim<lina 228 
HinuM, 242 

8-T aegment, 10, 83 
treatment ufaimia, 237 
Tirma torminatis 8, 230 
Temperntiirp, cfTectu of, OJ 
Terminal deflection, 13, 73. 02. (Srt 
leave) ' 

almornia) 02 
nortiial 13 

oppositely directed, 61, 77 
tacliycanlmii. 250 
Tetany. 110, 112 
Tbeowwuwe. 139 
Tlieopliylhn. 137, H9, 30,7 

Thrombs 226 
Tiiyiwcl. 44. Ill 
'niyToidcclomy, 227 
Tica effects of, 25 
Time markers, f> 

Tobacco. KH. (s« al« SewAtm? v 

Toiwillitw. 97. IDo .133 ’ 

Torvia Loweri, 0 
Trauma, 133 

Treatment. Adams-Stcie. a.,* 
auncuter 

flutter, 231 ' 



302 


INDEX 


Treatment, conduction dMurbancea, 2D4 
dipitolii?, 223 
eTtro.'sj stolen, 200 
paroxysmal fibrillation, 246, 258 
flutter, 258 
tachjeardia. 264 
ijumidine, 225 
imua block. 299 
tachjcanlia, 257 
ventricular fibrillation, 233 
Tremor, 26, 214 
Tncuspwi lesions. 79 
Tngeminy, 179, 182, 191 223 
Ta&reulosis, 61, 70, 286 
Tuberculous pcriearditia, 132 
Tumours 39, 01, 06, 120, 287 
Tuning fork 3 
Turns, 21 

Type I-II dropped beats. 291 


ll»waves, 15. 5<> 155, 189 
Uncommon bundle branch block, 57 
Unconsciousness SOO, 222, 261. 303 
Uivuaual Tight bundle branch block, 55 
Uricmta, 110, 133 
Urua epastica, 261 


Vagal brad)car(>ia, 288 
cardiac n-eakneas, 20 
tonus, amyl rutritc, 229 
atropine, 305 

auricular fibrillation, 213 220 
digitalis 223. 285 
flutter. 20S. 229 231 
heart block, 231. 289 
quinuline, 228 


Vagal tonus, respu-atorv nrrhvtliraia, 30 
Vago vagal reflexM. 303 
Vagus eOects. 19, 20, 31, 264 
reflexes. 264 
section. 264, 306 
Valsalva experiment, 266 
Vanlbrm extrasystoles, 170, 223, 334 
Venous pulse, 229, 250, 2S8 
Ventricular complex, alterations of. 37 
Hectrocardiogram. 13 
extrasystoles, 167. 292, 323 
Adams Stokes, 305 
bigeminy, ISl. 225 
bundle branch block. 54. 55 
cefiactory period, lOS 
vanform, 176, 178, 225, 334 
fibrillation. 180 302 218, 232 
banum chloride. 305 
flutter. 215. 232. 24S 
tachycardia, 202, 215, 246 254, 258, 

Vertigo, 294 300. 301 
quimdioe, 227 
tachycardia, 261 
Vomilmg, )lf> 261, 267, 209 
auricular fibnilation. 221 
tachycardia. 267 


W-form, 86, 159 
Warmth, effect of, 93 
W’ave*. nomenclature. 14 
Wenckebach period, 278, 2S7, 290 
IVUson type, 59, 86 


Zero line (6ee Isocleetnc line ) 


ritIVTED IV CtElt BWrilX BT TH* vr8tTir*Ut« rBE<« ITO 
loxlox Axn toxbum* 



